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INTRODUCTION

Petroleum exploratiom, production and traasportation invmarine waters
have the potential for extensive environmental impacts. Major oil and
gas developmen: has taken place in upper Cook Inlet as a result of lease .
sales held by the State of Alaska between 1959 and 1974, There are five
0il and three gas fields with 14 offshore platforms and a submarinme
pipeline network which carries the majority of the oil to the Drift

River Terminal on tﬁe west side of the Inlet. Approximately 0.2 milliom
hectares of lower Cook Inlet were leased by the ?ederal government‘in
1977. It is expected that 32 exploratory wells and 7l.production wells
will be drilled and three platforms required for production. Up to 442
kilometers of oushore and submarine pipeline will be needed depending on _‘
the location of the oil terminals and treatmeunt facilities.  Warren
(1978) provides a complete scenaric of development for the area. TFuture.

lease sales may include Shelikof Strait.

Studies of the biological, physical and chemical properties of the drea
are being conduc:ed by che National Oceanic and Atmospheric Admlnisrration
Outer Con:inencal Shelf Environmental Assessmeur Program to provide the . |
data necessary ‘for managing_petroleum development with a minimum of
environmental degredation. Ihefbiological reseereh should inclode
studies of all crophic levels in order to identify sensirive organisms

and to determine the effects of oil developmenz on the eeosystem.

!arine mammals are high trophic level consumers and may be direetly and

severely affected by external ccntaminacion or ingestion of o1l or
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chroﬁgh disturbance associated with éecroleum dév;lopmgnc. Indirect
effects include mortality or decreaséd vitality due to ingestion of
compounds passed along the food chain and a decrease in the food supply
due to oil caused mortality of prey items, and destruction of habitat in

the form of oiling beaches making them unsuitable as hauling areas.

The economic importance, highly visible nature and aesthetic ippeal of

marine mammalé are additional reasonsg for consideration.

Obiectives

The objectives of this report are:

l; review; .(a) a;l aﬁailabla-data on maring mammalsviﬁ Cook Inlet;

() all pertinénc information on the physical, chemical

and biological properties of Cook Inlet and

" {c) the known oil operations, probable development

 scenmarios and the fate of oil iu the marine enviromment.
_ _ { _

2. .synthegize the data into a cbmprehéhsive,discussion on qatiﬁe

mammal use of Lower Cook Inlet.

3. décermine the potential for impact by 01l and gas explqrécioh,.-

production and tramsportation on marine mammals,
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Area of Comsideratiom

The study area is located in southcentral Alaska and includes the waters
and adjacent shores of Cook Inlet frum the Forelands to Kennedy Entrance
(Fig. 1). Shelikof Strait, which receives nost of the watars leaving

Cook Inlet, will also be 1ncluded for counsideration.

The area includes Cook'Inlet, a tidal estuary, which flows into the Gulf
of Alaska, is approximately 200 kilometers lomng and ranges in width of
16 kilometers at the Forelands in the northeast to 120 kilometers at the

~mouth in the souchﬁest.

The climate of Cook Inlet is a transition zome between the Aiaskan
interiorrwith its cold winters, warm sumﬁere, low precipite:ion and
moderace winds and the maritime zone with cool summers, mild wieters,'
high precipitat;on aed frequent storms. Mean precipitation over the
entire Cook Iniet is 53 em pef year (Evaﬁs et al. 1972). Northeast
winds prevail in the winter while summer winds tend to be from the
southwest. . An extensive climatlc descriptzon of Cook Iamlet can be found

in Evans et al. (1972) and Selkregg (1974) ..

The circule’tion of watef in dook. Inlet Iis influericed by the ‘seesonaily o
variable fresh water runoff, the large tidal’ range of up co 6 meters |
('rrasky et al 1977) and wind patteras In general, water from the Gulf
of Alaska encers Caok Inlet through Kennedy Entrance. 'l'his :anruding "

‘water is diverted past Kachemak Bay and moves northward along the eastern :
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shore-of Cook Inltt where a portion'divergeﬁ shartly to the weét-tt

Anchor Point while_the reﬁaining northward flqw'exténds past the Forelands.
The water flowing westward from Anchor Point meets t southward. flow of
turbid, low salinity water from the upper inlet. This water flows south
past Kalgin Island, chrough-xamishat Bay and into Shelikof Strait. The
complexity of the circulation patterns is dealt with ia detail,by'Burbank
(1977) and ADF&G (1978a).

The study area can be broken down into 9ix general zones: Kathemak Bay,
Ramishak Bay, Lower Central Zome, Kennedy Entrance, the Kalgin Island

area and Shelikof Strait (Fig. 1). An extensive background description

of the area can be found in Seats and Zimmermau (1977), Science Applications
(1977),'T:asky‘et al. (1977) and ADF&G (19783).v The following is a .

 short summary of each zone:

Kachemak Bay is 1ocated on the east side of Lower Cook Inlet and‘is
characterized by depths to 165 meters and a. diverse and highly productive'
fauna The bay has an inner and outer regiom partially divided by Homer
Spit, the outer Tegion being relatively ice free in winter, whereas ice
is ctmmbnly found at the head.of the bay. The north coasciine-is smooth,
with gradual slopes and beaches consisting largely of mud flats. fhe ::
' gouthern shore is irregular, with gradual slopes and beaches composed of

intermittent stretches of gravel, sand and bedrocg.

.kamishak'Bai,flacated.on the western side of Ctok Inlet is té;a:iveli":
_shallow, with depths to 56 meters. There aépéars to be less diversity

in the fauna as compared to Kacﬁemak Bay, although the regiom is still
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highly productive. The circulation pattern tends to carry sediment$ into
the bay, thus increasing turbidity. Winter ice,'which is férmed in

_ upper Cook Inlé:, also tends to drift down the western side of the Inlet
-and accumulate in the bay. The coastline is indented with numerous
small bays and coves which usually Coﬁtainrexteusive‘mnd flats. The
remaining coastline:is a mixture of gradually sloping samnd, gravel and.
badrock beaches. Auap§£iﬂa Island, found within Xamishak Ba&. is a

volcano with sand and gravel beaches.

The Lowe:'Central Zone 1s located between Kamishak and Kachemak Bays.

It 1s relatively deep, with vigorous tidal circulatiom, although the
middle portion of this zome tends to be sluggish. Again, this regiom is
highly productive.

Kennedz-Entrance i#nlacated between the Chugach Islands, off the southern»
tip of the Kenal Peminsula and the Barren'IsIands. It is the main
pathway for tidal éxchange between Cook_inlet and the Gulf of Alaska.

The entrance 1is nargow_aﬁd deep (up to 128 meters), with extremely swift
currents. fhe Chugach and Barreﬁ Islands are characterized by steeply
sloping shorelines with_ﬁarrcw-bedféc?’beachgs.

 The k;lggn Isiand'azég éxtendg'séﬁ:h'froﬁythe Forelands gﬁ”the Lower

" Central Zone ;mci is a region of high tu:%bidity due to mgn&i the
gediménc iadég waters from dppef Cébk Inlet; Winter_i&e ffoq upper Cook

: ,;ﬁlefAisvcarriéd b&‘cﬁrreﬁcs #né ﬁiﬁﬁ into/thiskaréa;u'A;;hougﬁ pzimary B
prﬁduc:ivicy‘cénds té‘be low due to\the'turbidity and ice, ché aréalis

still an important fishing ground for salmon (ADF&G 1978a). Tﬁia region,
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EPA_COOK_INKPR 021049



including Kalgin Island, has a relatively smooth coastline with gently
sloping mud, sand and gravel beaches. The shoreline of Tuxedni Bay, the
only major indentacion, consists of an almost encireiy uninteruptéd mud

beach.

Shelikof Strait, An area characterized by high winds and heavy_seas'is'
iocated between Koaiak'lsland and the Alaska Penipsula. Most of thae
water from Cook Inlet teunds to flow through Shelikof Striat aloung the
Alaska Peninsula shore. The coastline is very irregular, with small

bays, coves and lagoons found throuéhout the area. Considerable variation

exists in the slope and composition of the beaches.

. MARTNE MAMMALS OF COOK INLET AND SHELIKOF STRAIT

The following‘discussiﬁn suﬁmarizes the life histories of the more
important marine mammal species in the study area; chgse include sea
otters (Ehhydfa lutris), Steller sea lioms (Eumetopias 5ubatus); harbor
éeals'(Phoca vitulina) and belukha vwhales (Delphinapterus leucas). The
4limited data #vailable:on humpback (Megaptera novaeangliae), gray
(Bachrichtius robustus), Minke (Balaemoptéra acutorostrata) and ldller
(Orcinus_oréa) yhaleé and Dall (Phbcvenoi&és dalli) and ha:bor‘(Phocoénd :
'phbcoena) por@oiSes Are aisoidiscuSsed. A list of all ﬁarine maﬁﬁals

' likely to occur in lower Cook Inlet and Shelikof Strait appears in

:Table l.
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Table 1. Marine mammals species likely to occur in lower Cook Inlet and Shelikof

Strait (from Calkins et al. 1975).

SPECIES
‘Sea otter (Enlydra lutris)
Steller sea ﬁon (Eumetopias Jubatus)
. Northern fur sesl (Callorhinus ieinua)
Hérbor seal (Phoca vitulina)
Black right whale (Balaena glacialis)*
érﬁy whale (Eschrichtius robustus)*
Minke whale (Balaenoptera acutorostrata)
Sei whale (Ba‘laenoptam borealig)*
Fin whale (Balaenoptera physalus)*
Blue whale (Balaenoptera musculus)*
Humpback whale (Megaptera novacangliae)*

North Pacific white-sided dolphin
" (Lagenorhynchus obliquidens)

Killer whale (Orcinus orea) v
Hari:or porpoise (Phocoena phoéaem)

* Dall porpoise (Ehacaenoidas daili) "
| Sperni whale (Physeter fc‘abodaﬂ)* |

Bering Séa beaked whale .
' (Mesoplodon stejnegert)

Goose beaked whale (Ziphius cavirostris) :

Nortixern right whale dqiphiﬁ i
- (Iissodelphis borealis)

Belukha (Delphinapterus Zeucdé) _

Pacific giant bottlenocse whale
 (Berardius bairdi)

* - Endangered species (USbI 1979). C = commonly sighted F - few sightings
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Sea lion

Steller sea. lions (Eumetopias jubatus)rc;n_be found throughout the Lower
Cook Inlet, Shelikof Strait area at all times of the year. They utilize
.seventeen differenc hauling areas and Breeding rookeries on a regular,
predictable basis (Iable 2 and Fig. 2). Eight othervlocations are used

~ as stop over areas where sea lioms have been sighted irregularly (Table 3).
Table 2 summarizes counts at all locatioms within Lower Cock Inlet and
Shelikof Sﬁr#it. These counts inélqde only those made during the most
recent photo surveys. It is important to remember that when considering
sea lion numbers; ounly those sea lions which are hauled out or are in
the water near a hauling area are counted. Many more animals are likely
within :he study area, but not associated with a specific hauling area
at the tiﬁe §f the survey and therefore aie not counted. The total

. numbers of sea lions within the study area. fluctuates daily and tﬁe

counts can ouly be used as a fractiomal indicator of this,

SCeiler sea lion populations within the lower Cook Inlec/Shelikof Striat
OCS lease area are contiguous with and ‘an integtal part of the overall
tpopulation of the ‘morth Gulf of Alaska. All of our evidence indicates
no areas wichin the Gulf of Alaska have separate, distinc: sea lion _
{:populacions. Biochemical studies have shown that sea lions in‘the Gulf
have extremely low gemetic variation (Lidicker et al. 1979). Movements
at:udies indicate chey are highly mnbile, capable of moving great:'"distaqce's
, .and utilizing a variety of areas as haulouts. Sea 1ions'ﬁérked within |
the study area have been sighted throughout the year both wi:hin the =

LCI/Shelikof area as well as :Hroughout the rest of che Gulf of Alaska.

\
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Table 2.

Steller sea liom haulouts and rookeries located in Lower Cook

Inlet and Shelikof Strait, with counts made 1957 through 1976.

1957 counts made by Mathisen and Lopp (1959)

Location

March June
1957 1957

March -

1976

June
1976

March

1977

Puale Bay
57°d0'55"N 155°24'05"W

Cape Iklolik

57°21'40"N 154°46'50"W

Cape Ugat .
57°52'20"N 153°50'45'"W

Takli Island '
58°03'40"N 154°27'35"W

Cape Gull
58°12'40"N 154°08'45"W

Latax Rocks

. 58°41'25"N 152°29'00"W

'Rocks SW Sud Island
58°52'5Q"N 152°18'43"W

Sud Island
58°53'00"N 153°15'00"W

Ushagat Island SW
58°57'31"N 152°20'42"W

Ushagat Island NW
58°57'31"N 152°20'42"W

- Sugarloaf Island

58°53'29"N 152°12°'49"W

Amatuli Island

58°55'20"N 152°02' 30"W

ngéhut Rocks
59°05'58"N 151°39'31"W

Perl Island

' 59°os'5a"u 151°39'31"w‘

- Cape Elizabech

59°05'58"Y 151°39'31"W -

'E. Chugach Island _
59°08'20"N 152°39'30"W

: Gore Point
59°10'47"N 150‘57'50"W

3,334

0 834

585 11,963

1,576

12

0 200

1,704
1,913
222

1,014

322

87

819

301

68

68

200

3,166

1,727

207

| 1,164

670

902 -

106

5,226

57-

344

33

124

335

15,000+
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Table 3. Location in Lower Cook Inlet and Shelikof Strait where Steller
sea lions have been sighted, but which are not considered true
hauling areas (Calkins and Pitcher 1977).

: Location .

Name g Latitude Longitude
Sturgeon Head  57° 30" 30"N 154° 37' S0'W
Noisy Islands ~ 57% 55' 30™ 153° 33' 00"W
Malina Point s8° 02' 30" ) 153° 22 00*W
Steep Cape 58° 12' 00" 153° 12' 30"W
Cape Paramanof 58° 18' 15"N - 153° 02' 45"W
Augustine Rocks 59° 13" éo!?n ' 153° 22' 00"
Cape Nukshak - 58° 23' 30"N 153° 52' 50'W
Cape Ugyak 58° 16" I5S"N 154° 06' 10"W

. Sea lions often use some hauling areas dnrﬁ seasonal basis only. $dme
areas are used-primariiy in winter, wh#le others are used only during
the summer breeding and pupping season. Iﬁ the lower Cook Inle:/Shélikpf
- Strait area, the mbst'pronounced shift in seasomal distribution is found
at Sugétloaf Igland and{a: Puale Bay. These two atreas are of key

importance. ’ R : .

Sugarl&af Island is the ouly bree@ing rooké:yvvithin‘;he StuAY areas aﬁd
is the secon& larges§ breeding-rddké:y»in the upf;hern Gulf ‘of Alésk#;

' Gteatzef than 5,000 sea lion p.u.ps are. ﬁroduc‘ed here amually. This is
appfoxim;agely 20 ‘percent of the total number of sea liom pﬁps produced

within the Gulf of Alaska each year.
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Sea lion use of Sugarloaf Island is insignificant during the winter.
Fewer than 500 sea lions remain ou the island betweén December and
March. By apprdxim#tely mid April sea lions of both sexes and all ages
begin hauling out on Sugarloaf Island. Near the end of April and the ‘
beginning of May large males begin to arrive at Sugarloaf and establish
territories., Throughout May, pregnant females arrive in increasing

. qumbers. Pupping begins agpfﬁximacely in mid Mayvané continues through
mid July. Pupping appears to:peak between June 15 to ane 25. By the
end of June sea lions can'be fou#d all around Sugarloaf Iéland althbugh

the majofity of pupping takes place on the north side of the Island.

During the middle of July, the large malés' cerritoriai structure bégins
‘to breﬁk'dbwn and they begin shiftins abbutvou:the island and leaving.
During this period ;he cows with older pups begin shifting along the
. shore as the pups lose their reluctance to enter the water. By the end
of July nearly all pups readil} enter.the water. Addlt females appear
to remain on Sugarloaf with their pups until at least the end of October.
Probably with thé bnsec_of winter storms in November they begiﬁ leaving
the island. We know that sea lions move in all directions away from
Sugarloaf Island in.the wintet. Sea lions born #a Sugarloaf,have'beeﬁ'
. sighted at Cape Chiniak off Kodiak, Marmot Island off Afognak, Latax
- Rocks off Shuyak Chirikof Island, the Semidi Islands, the Chiswell
 Islands on-the Kenai Peninsula, Seal Rocks in the entrance to Prince
William Sound and Cape ‘St. Elias. Few of these animals return. to Sugarloaf

.Island in the soring as subadults 2 and 3 years old. We do qo; yet know

if pups born ac‘Sugarlpaf_Island will return as adults to breed.
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Puale Bay on the Alaska Peninsula in Shelikof Strait (Fig. 2) is probably
one of the most important '"hauling" areas in the northern Gulf of
Aiaska; This area is used by sea lions at all times, but as can be seen
from Table 2 is most importanc during the winter. The sea lions use a

‘group of rocks and small islands on the north Qide of the entrance to
Puale 3ay‘to baulout on. The largest group of sea lions seen here were

~sighted in March 1977. All :raditional haulout areas were in use by sea

.1ions. Several thousand other sea lions were resting nearby in the |
water, The reasons for this connentra:iﬁn of sea lions in the winter is
not fully querstood{ We do lglow that sea lions borm at Sugarloaf and —

. Marmot Islands come here., In Septembef 1978 this area was visited and a
'maximnm of 2,000 sea lions, most of which were subadults were counted. |
.At other times when ﬁisiting the Pualé.Bay hﬁuiout, the comﬁosi:ion
.appearad to be ali ages and both sexes.
Breeding in sea lions takes place shértly after pupping. Generally most
of the pups are born at specific pupping rookeries although a few pups

-are born aﬁ other locations. Sugarloaf Island is the singie major
_pupping rpokery within the Cook Inletlsﬁelikof,Striat area with a few

. pupsvborn at Puale Bay ahd possibly Takld Isiand.',Breeding-ﬁan cak;'

' plﬁcé at any ld;acion‘ﬁs Cows o£ bﬁeedingiage ﬁhich are not pregnant do

;o; ngceséariiy'ré:urntca'ﬁhe;e‘:obkeries, but’ probably ‘come into estrus
even thbugh they do not hsvé a p#p,.§nd breed.at‘whatavef‘ldcatidn tﬁey.'

happen to be at the time. .

Female sea lioq# areléaﬁable of breeding»and’ﬁécdmiﬁg pregnant at 3

years of age. Age Spécific'pregnagcy'rates for sea lioms in the Gulf of
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‘Alaska. are approximataly 21% for 3 years of age, 53Z for 4 years, 57% for
5 years and:882 for ages 6 through 30. The oldest estimated age of a
Steller sea lion taken inrche Gulf of Alaska is 30vyears. Although the
sex ratio at birth is nearly equal, there appears. to Ee a shift in the
adult sex ratio with fewer males_surviVing to becomefmegbers of the

. reproductive population.

Steller sec lions prey.on.a wide variety of fishes and cephclopods
(Calkins and Pitcher 1978). Major prey items eaten by sea lious Qichin
 and adjacent to lower Cook Inlet and Shelikof Strait study areas were
capelin (Mallotus villosus), pollock (Thergra chalcogrammz) and Pacific
~cod (Gadus mocrocephallus). Octopos (Octopus sp.) was a major‘item by
frequency of occurrence analysis, but was relatively uimportant by
volume. Eerring are undoubtedly important in the spring ln Kamishak Bay
‘during spawning, as large concentrations of sca lions have been sighted

here when the herring are present.

Harbor Seal

'Informa:ion on dis:ribution and abundance of harbor seals 1is incomplete
ifor the Cook Inlec~$heliko£ Straits area.~ Studies Specifically designed
to: collect these da:a have not been conducted. Information vhich is
available is 1argely the result of incidental observatious coudncted -
'during related studies in the area. Distributional data are particularly

weak in upper Cook-Iolec,and the Alaska Peninsula coagc of‘Shelikoﬁ

Strait.’
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- Figure 3 and Table 4 show locations and provide details of observations

" of major harbor seal concencrations in the area. Only sighting of 25 or
more seals are included. This listing is incomplete and could undoubtedly
be expanded with additional coverage. Particularly large hadling areas
were qund on‘Elizabe:h Island, Yukon Island, Gull Island, Augustine
VIsland and Shaw Island. Thgre appear to be some seasonal changes in
distribution of séals in the area. From May through September harbor
seals~are‘found in the upper Inlet even entering some river systems,

" They #re absent during the wincgr months, probably moving to the lower
Inlet. Seal movements coincide with movements of anadromous fishes
including eulachon (Thaleicthys pacificus) and salmon (Oncorynchus spp.)
into the upper Inlet. Also @ﬁriﬁg éomé‘wincers, heavy ‘sea ice forms in
‘Cook Inlet which may Lnfluence‘distribgtion. Harbor seals geﬁerally tgnd
,tovuse the ice edge for hauiing out and are not found within areas with

extensive ice cover.

Cook inlgt harbor seals may form a fairly discrete population as adult
"body size is significantly smaller than in nearby areas. _Some interchange
. probably occurs from the.Outer Kenai coast and the Alasks Peninsula‘
‘coast of Shelikof St:éit as_dist:ibdtion is continuous.
'QNS data’aig‘availéble-on.po?ﬁlﬁtipﬁ‘d?namics of Cook Inlat‘harbér sééis..
' Information will be preseated for seals from the Gulf of Alaska in the
£inal report for RU'229 dde‘for;ﬁompletion in Octobér'1979; ‘Timing of

: key'life'history events far‘haébor sééls’in Cook Inlét.probably,do not
' ldiffer greacly from che Gulf of Alaska and are as follows: éupping——

.25 May to 25 June, nursing—-zs %ay to 15 July, breeding-—ls June. to
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1858° - 154° - 188 152° - S 4510

_FIGURE 3. OBSERVATION LOCATIONS OF HARBOR SEALS IN THE LOWER COOK INLET/ SHELIKOF
STRAIT AREA. (SEE TABLE 4 FOR NUMBERS OF SEALS SIGHTED AT EACH LOCATION.)
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Table 4. Partial listing of major harbor seal concentrations in Lower Cook Inlet -
and Shelikof Strait.

Maximum number

- 15100 43 W

192

~ Location (Map No.) of seals observed Date Remarks
McCarty Arm 1) 100 12 Nov. 1970 Hauled ou glacial ice
- 59°43 06 N : ' floes, ADF&G aerial
150 13 25 W survey :
Suprise Cove @ 3 21 March 1977 ADFEG small boat survey
59 31 40 N
150 28 32 W |
Division Island (3) 50 6 June 1978  Hauled on intertidal
.59 25 23 N : : rocks, ADF&G szerial
150 41 SO0 W survey
Nuka Island, N  (4) 37 31 Aug. 1976 Hauled on intertidal
59 23 24 N ' rocks, Arneson (RU 003)
150 42 00 W
No Name Bay ) 176 24 June 1976 . Arneson (RU 003)
59.14 07 N o
151 17 25 W
Windy Bay (6) 26 24 June 1976 Armeson (RU 003)
59 13 42 N
. 151 26 SO W
‘East Chugach Island (7) 40 1 Oct. 1976  Hauled on sand beach,
59 06 55 N . Arneson (RU 003)
151 25 47 W
Elizabeth Island . (8,9) 41-619 21 Atig. to Hauled on gravel-cobble
59 08 1S N . : 10 Sept. 1978 bedch and intertidal .
151 47 37 W S rocks, ADF&G field camp
- .59 08 37N daily coumnts
151 50 25 W . '
Yukon Island: ©(10) - 250 30 Sept. 1976 Hauled on gravel beach,
-~ 59 31 37N S : ' " .. - Armeson (RU 003) -
15130 20 W ‘ S
' Brédlay-?ox River  (11) 1140 - Arneson (RU 003)
Flats . ‘ C ‘
~ 59 46 45 N
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Table 4..(cod£.)

Location

(Map No.) of seals observed

Maximum. number

Date

Remarks

Gull Island
59 50 29 N
152 59 15 W

Mouth 01il Bay to

(12)

(13)

Mouth Iniskia Bay

59 37 32 ®
153 26 15 W

Augustine Island
‘59 2008 N

153 3255 W

No Name Reef

(Kamishak Bay)

59 17 30N

153 53 07 W

Nordyke IsIand

59 10 57 N
154 05 22 W

Juma Reef
59 11 45 N
154 04 02 W

Douglas River Reefs

59 0509 N
153 4403 W

Shaw Island

59.00 35 N

153 22 18 W

‘Malina Bay
58.11 358

152 59 35 W

Foul Bay

58 21 45 N -

152 52 00'W

Alligatcr Islan

58 92 40 N
152 46 33 W

~Blue Fox Bay
58 26 03 N
152 40 44 W

(14)

(15)

(16)
an
(18)

19

(20)

(21)

Q2)

CH I

400

200

850-1,500

200

109
150

~ 200

'500-1;000‘
30
40
0.

25

1 Oct. 1976

s .

30 Sept. 1976

8 April 1978

15 July 1978

8 April 1978

23 June 1978

30 July 1978

30 July 1978

26" July: 1978

22 April 1976 ADF&G_smali boat survey

193

. ADF&G small boat survey.

Arneson (RU 003)

Arneson (RU 003)

Hauled out many locations
along shore, Arneson
(RU 003)

ADF&G small boat survey

Arheson (RU 003)
ADF&G small boat survey

Sears .and Zimmerman .(1977)

ADF&G small boat survey .

ADF&G small boat survey

@

ADF&G aerial survey

EPA_COOK_INKPR 021062



Table 4.

(cont.)

Location

(Map No.) of seals observed

Maximum number

Date'

Remarks

. Dark Island
58 39 00 N
152 31 50 W

Latax Rocks
5340 15N
152 30 45 W

NE Shuyak Island,
offshore rocks

58 35 3L N
152 16 43 W

Andreon Bay
38 30 36 N
152 23 33 W

Big Waterfall Bay

58 25 46 N
152 28 15 W

Phoenix Bay
58 22 07 N
152 28 20 W

Pogliedni Pt.

offshore rocks

58 26 48 N
152 18 08 W

‘Sea Otter Island

area

58 3033 N

152 10 25 W
5829 48 N
1152 16 28 W

Seal Bay-offshore

rocks
. 5826 13 N
15212 04 W
58 23 35'N
152 10 14 W

(26)
(25)

- (26)

2n

<28)‘

(29)

G0

(3D)

()

45
175

25

25
50
25

60

30

35
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12 June 1978
26 July 1978

12 June 1978

April 1976

21 May 1977

22 May 1977

14 June 1978

12 June 1978

ADF&G aerial survey

Hauled on rocky beach,

ADF&G aerial survey

ADF&G aerial survey

ADF&G small boat survey

ADF&G small boat survey

ADF&G small boat survey

ADF&G aerial survey

ADF&G aerial survey -

~ umearby tidal rocks

22 May 1977

ADF&G aerial survey
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__Tablg 4, (éont.)

Location

- Maximizn number
vGﬁap No.) of seals observed

Date

Remarks

Seal Island (33)
58 26 19 N
152 16 07 W

Sea Licn Rocks (3%)

58 21 00 N
151 47 45 W

Kazakof ‘Bay-offshore(35)
rocks
58 04 48 N
152 34 30 W

Hog Island group (36)
58 00 15N B
152 41 01 W

ﬁhale Passage an

57 5558 N
152 50 04 W

Anton Larsen Bay (38)

57 53 15 N
152 39 27 W

Spruce Island-rocks (39)
off southeast tip
57 53 22 N '
152 20 20 W

Wbmens,ﬁay - (40)

57 42 40N

152-31°42 W'

Kalsin Bay r(ﬁl)
573835 N8

152 21 02.W

. Cape Chiniak 42)

5737 SO N -
152 08 10 W

" Sacremento River- (43)
mainland beach 1

mile north

57 3217 N

152 14 35 W

40
3%
45
160

35

25

25

k3

200
100

140

12" June 1978

b Ccx. 1975

12 June 1978

"12 June 1978

20 May 1977

20 May 1977

12 June 1978

-1 March 1978

- 10 June 1978

11 June 1978

1956

ADF&G aerial'survey
3ﬁF&G_aerial suxvey

ADF&G aerial survey

ADF&G aerial survey
ADF&G‘small boat survey
ADF&G small boat survey

ADF&G aerial survey

‘Arneson (RU 003)

Sears and‘Zimmerman‘(1977)'

ADF&G aeriai sur?gy;v

hauled on tidal rocks

ADFS&G aerial survey
hauled om gravel beach
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Table 4. (cont.)

Maximum number

Qcean Beach to
Black Point
57 00 00 N
L53 15 54 W

- 48

- 196

Location (Map No.) of seals observed . Date Remarks
Ugak Island (44) 1,600 29 July 1978 ADFSG aerial survey
57 22 18 N° " hauled on gravel beach
152 16 15 W
NE Ugak Bay-offshore(45) 410 24 July 1978  ADF&G aerial survey
 roeks :
57 25 50 N
152 33 50 W
Hidden Basin- (46) 107 1 March 1976 Armeson (RU 003)
entrance .
57 30 12 N
152 54 40 W | |
Ugak Bay-head 4N 200+ 10 Nov. 1976 ADF&G small boat survey
57 26 43 N . ' :
. 1530104 W
Ugak f.agoon ' 48) 50 6 Sept:. 1978 ADF&G aerial survey,
57 20 06 N . hauled on sand bar
152 38 15 W .
NE Kiluda Bay (49) 160 24 July 1978 ADF&G aerial suxvey
57 18 48 N .
152 54 17 W
 Sitkalidak Straits (50) 35 2 May 1977  ADFSG ‘small boat survey,
571207 X : ‘hauled on tidal rocks
153 10 37 W
NE Sitkalidak-mouth (51) 125 27 Aug. 1978  ADFSG aerial survey,
lagoon AR _ S hauled “on sand bar
57.07 32N ' S S e
153 00 43 W -~ . ,
Ocean Beach - (52) L 40 -  Sears and -z:_lmeman"‘(19‘7,7)
57 05 30 N A R
15307 18 W
Sitkalidak Island, (53) - Sears and Zimmermam (1977)

\
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Table 4 (comt.)

Maximum oumber

154 35 00 W

- 197

Location (Map No.) of seals observed Date Remarks
Puffin Island (54) 90 27 Aug. 1978 ADF&G aerial survey
57 00 25 N
1s3 21 11 W
Natalia Bay (s5) 30 - Sears and Zimmerman (1977)
57 05 48 N .
153 17 47 W
Flat Island (56) 100 27 July 1978 ADF&G aerial survey
56 49 53 N :
153 44 20 W
Geese Islands (57 670 27 July 1978 ADFSG aerial survey
56 43 42 N o
153 56 03 W
Aizktalik-Sundstrom (58) - 635 27 July 1978 ADF&G aerial survey
Islands o . ’ '
.56 41 53 N
154 07 45 W
Aliulik Peninsula- (59) 200 10 June 1978 ADF&G aerial survey,
" west gide ' hauled on tidal rocks,
56 51 35 N many locationms .
154 0L 05 W
Cape Hepburn (60) 50 2 May 1977 ADF&G small boat survey,
56 52 25 N : hauled ou tidal rocks
154 05 08 W ‘ '
Deadman Bay (61) 100 - Sears and Zimmerman (1977)
570418 N R o L
115456 38 W | |
‘Middle Reef - (62) 150 2'May 1977  ADFSG small boat survey,
56 54 36 N R : ' hauled on tidal rocks '
- 154 02 28 W , A :
Sukhoi Lagoon  (63) 350 28 Aug. 1978 ADFSG aerial survey,
56 56 52 N o : - hauled on sand bar
15420 43 W )
Ayakulik Island - (64) 75 - Sears and Zimmerman (1977)
57 13 03 N S , ' :
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Table 4. (cont.)

Maximum oumber

Lacation (Map No.) of seals observed Date Remarks
Ayakulik River (65) 100 9 Oct. 1976  Hauled on mainland gravel
57 12 17 N _ beach, ADF&G aerial survey
154 32 30 W :
Alf Island-Uyak Bay (66) 250 1 Sept. 1978 . Hauled omn gravel-spit,
57 26 45 N ADF&G aerial survey
153 49 50 W '
Zachar Bay-Head 67 ' 30 5 Nov. 1976  ADF&G small boat survey
57 32 31 N :
153 42 18 W
Spiridon Bay-Head (68) 50 - 5 Nov. 1976 ADF&G small boat survey
57 36 SO N ‘ -
153 35 41 W
Alinchak Bay - (69) 200 - 16 June 1976 ADFSG aerial survey
57 45 50 N . _
155 15 Q0 W
Puale Bay (70) 150 24 June 1978 Hauled on tidal rocks,
57 41 40 N ADF&G small boat survey

ZOvJuly,'molting-late June to early October and implantation of the

blastoecyst~——20 September to 1 November.

vSaﬁpling for food habit i#jd:matiah in lower Cook Inlet was Iimited to

two time periods 7-11 April and:‘22?23-Jlme, Oétbpus (Octopus sp‘.) was

'tﬁe hajor item follovéd by sh;imps;'eulachén and capelin Q%;Zlafﬁs

villosus) (Table 5).‘ The @nst striking.differeﬁce.in pfey_unilization
between lower Cook‘Iniéc.aﬁd the éesﬁ of the Gulf of Alaska was the
dominance Of'inverteﬁratés:wh§qh:forméd B;z of the occuffenqes compared

to only 26% for :hg'Gulf of Alaska.‘ Walleye pollock (Theragra chalqoérmnﬁﬁ).
the dominant prey.iﬁ the Gﬁif, was not encountéréd iﬁ our lowér Cook

Inlet sample.
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Table 5. Prey of harbor seals collected from lower Cook Inlet. Total stomachs
- with contents = 17, total occurrences = 23, total volumes = 5,412 cc.

Perceat of Occurrences

Prey with 95Z C.L. ; Percent of Volume
Octopus _ 39.1 + 28.3 43.4
Sarimp 17.4 + 18.6 - , 30.6
Eulachon - 21.7 + 20.0 23.1
Capelin 8.7 + l4.4

1.9

An index count area was eéstablished at the major hauling é.;:ga ou Elizabeth
Island to provide a baseline to momitor crends in abtm&aﬁce of harbor
seals in ﬁhe area. Daily counts (Table 6) were made at low tide when

maximum numbers of seals are usually hauled out.

Table 6. Elizabeth Island harbor seal count data, 21 August-10 September 1977.

Number of Seals . Number of Seals - Number of Seals
282 - : 99 262
88 . ' -110 V 472
220 o 114 . 264
184 ' 539 279
250 - 619 ‘ 59
. 123 _ N 336 , 294
241 , . 41 : ‘ 291

237 B : 269 | 615

% with 952 confidence linL‘L: - 252 O + 69 8
Range = 41 =619
.Standard Devia.cion = 161 7
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Sea Qtter

‘Sea otters were eliminated from most of their original range in Cook

‘Inlet By fur hunters during the 18th and 19th centuries. Remnant colonies
probably remained in Prince William Sound and near Shuyak Isiand, Augustine
Island and Sutwick Island. These colonies have grown and expanded their
ranges into lower Cook Inlet during the past 15 years. Substgnfial

areag of former sea otter habita:‘remain vacant or sparsely populated

but all established groups of sea otters are continuing to grow. Habitat
degredation has been'iimited to relatively sméll a&eas:and sea otter

densities should reach aboriginal levels during the next 10 to 20 years.

Sea otters currently inhabiting lower Cook Inlet and Shelikof Strait can
be divided into four subpopulaéidns. While these groups are relatively
disérete, interchange between them isg bel;efed to occur and'shduld'

increase as the subpopulations grow.

The following descfiptions are based on data from Schneider (1976) and

recent sightings:

1. Kenal Peninsula
Sea otters probably we:é eliminated from the’Kenai.Eeninsula by the-
egrly’l900'g.‘ Small nnhbers.wére occasionally reported becween‘the:‘

'Chﬁgach,tslandstand‘Cape Puget in the 1950's and early 1960's but
Kenyon (1969) concluded that no significant'popﬁlatiou ocecurred in .

ﬁheAafea. Reporﬁs‘iﬁcreased steadily through the mid-1960's and in
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_SEA QTTER OENSITIES

HIGH - WIRL KSTABUSHED ANO PROSASLY
APPROAGIHING CARNYING CAPACITY
OF HASBITAT. :
V£/4 wennne - astassnes sut amow cannriva
CAPACITY. SIGNIFICANT INGREASESIN
CENSITY LXPECTED i NEAN PUTUAL

"'s : ' ' " LOW - NOT ESTASLISNED SUT STRGNG :
N L - INGIVIOUALS REGULARLY SIGHTYD, 1T
@ ' . S OINECTION OF RECENT RANGE EXPANSION, . -
188" 198 1840 [ 152 .oar L L 4

. FIGURE 4. SEA OTTER DISTRIBUTION IN THE LOWER COCK INLET/ SHELIKOF STRAIT LEASE AREA.
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1967 several hundred and perhaps over 1,000 abruptly appeared in
the vicinity of Port Graham and Chugach Bay. This concentration
diminished over the next few years, perhaps as the result of

dispersal to the east.

By 1970 sea atters were distributed in small numbers along the
entire Peﬁinsula from Cape Puget to Port Grazham. Rare sightings |
occurred in Kachemak Bay. It appeﬁred that repopulation was the.
result of range expansion by the P:incé William Sound population
and large scalé'immigratiou from another area, perhaps the Barren

Islands.

At present the outer coast of the Peninsula from Gore Point to
Port Graham appears fully fepopulated. This-subpopuiation is
expanding its range northward inta K#chemak Bay and lower Cook
Inlet. Straf animals occur throughout Kacﬁemak Bay and several
hundred inhabit a shallow offshore area west of Homer and south of
Anchor Point. Qccasioﬁal.individuals have beén sighted as far
north as Clam Gdlch. We can expect continued mbvemenc of auimals
from the outer.Kénai ?eninsula fato Kachemak Bay and northward up

Cook Inlet.

Kachemak Bay_patticul;riy ﬁhe south side, should.eveutually‘Qupport
relatively high'sea‘ottég densities;"0p§0ttunitiesfforA£he‘general-
publié‘to vieir sea‘océers in-Alaské are extremely limited. K#chemgk
.Bay will probably eventually be one of ;he moOSt écceséible-sea '
otter Viewing'areﬁs in Alaska. Therefore, the importance of.che

bay and the sea otter pdpulatiou that will repopulate'it is increased.
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2.

The potential for range expansion north of Kachemak Bay 1s less -
certain. Sea otters arae capable of feeding in waters 80 m deep and
in rare cases more than 100 mfdeep-al:hough most normally remain in

water 60 m deep or less. Therefgre, potential sea otter habitat

. - ] .
extends across Cook Inlet and this population may become contiguous

with that in Kamishak Bay. Food availability and perhaps the
occurrence of sea ice will probably determine the eventual northera

limit of this populatiomn. At this time it Is difficult to predict

'what the northern limit will be. A recent sighting near Kalgin

Island suggests that et.least'scr;y,individuals may eventually‘

occur throughout lower Cook Ialet.
Kamishak Bay -

The history of sea otters in Kamishak Bay is vague. It appears
that a small remnant population of sea otters remained there in the
early 1900's. This,pgpulation,-centered around Augustine Island,
probably grew throughout the lé@O'égand'l950's although no growth
is evident in the counts.. By 1965 some rangevexpansidn to the
south had occurred. Counts made between 1969 and 1971 indicated
that there may have been an’ increase in nunbers around Augustine 
Island and the waters immediately to the north and west and that

there‘had been a substantial movement aropnd~Cape Douglas co the

vicinity of Shakuanncks; “The relatively high numbers éeen'by_

Prasil (1971) southwest of Cape Douglas suggest that the popilation -
withis Ramishak Bay proper had reached a much higher level in the

early 1960°'s than indicated by the couats.
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Most likely,-densities‘in fhe bay increased steadily through the
1960's then stabilized or declined slightly as animals émigra:ed to
the southwest‘énd possibly to the east écross Cook. Iniet. There is
‘also a posaibility that periodic oil spills influenced numbers
although no direct evidence of oil related mortality is available

from that area.

//- -

fhe avdilable'ihfo:mation indicates that the range of the population
extends from northern Kamishak Bay to Cape Nukshak. Otters may
occur throughout the shallaw waters of Kamishak Bay and often
range fir from shore. The sea otters appear to be relatively
mobile in this area and major shifts may‘occur'periodically.
Concentraﬁions uﬁualiy occur arouﬁd Augustine Island, praticularly
the north side; in the‘waters-west of Augustine Isiand; around
Shaw Island and Cape Douglas; at Douglas Reef; and at Shakun
Rocks. Obsérved numbers in each of these areas have fluctuated
widely, hqw;ver. Séa otters inhabiting the Alaska Peninsula coast
$etweenvcépe Douglas and Cépe Chiniak should be considgred part of

the Kamishak populaticn.

V"The pOpulacion should continue :o expand its range to the southwest.

. Evencually some range expansion to the north should occur.
3. [Rodiak Archipelago

Three separata sea otter popuiation centers exist in the Kodiak

Archipelago. These are: (1) The Barrem Islands (2) Shuyak-
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Afognak and (3) Trinity Islands-Chirikof Island. The first two .

border on the lower Cook fnlet 0OCS lease area.

The Barren Islands were fully repopulated at least by 1957 when
first surveyed. It 1s suspected that hundreds of sea otters
migrated from the Barren Islands and Shuyak Island to the Kenai

Peninsula during the mid 1960'a.

At the present time this population can be considered at or near
the carrying capécity of the habitat. Densitles are highest in
the shallow waters south of Ushagat Island includiug those around
Carl Island and Sud Isiand. .Low densities are usually found .
throughout the remainder of the island group.‘"Little change is

" expected in the status sf sea otters in the Bstren isiands.
Numbers may flucsuate but the distribution shouid.remain,similaf

to that observed in recent years.

A remnant population survived in the vicinity of Latax Rocks and
Sea Otter Island mear Shuyak Island. By the 1950's this population
was. well established and appeared to be growing rapldly, expanding

_1cs range to Afognak Island in- the vicinity of Seal Bay.

Listlé shasge was evidénﬁ‘in the 1960's. The ranse of the population-.:
‘remained the same although stray individuals were seen around

Rodiak Island. No increase ia numbers was evident. ‘This apparénc_ :
lack of increase may have resulted from emigration to che‘Kenai .
Pen;nsuia, mortality from oil spills orlbéen an arsifact'of survey

" techniques.
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By 1970 the population was growing and rapid range expansion had
_‘occurred. In 1976 the primary.range_of the population extended
from Shuyak Island éouch to Raspberry Island om the west side of
the archipelago and to Marmot Island on tﬁe east side. The area
between Baﬁ Islaﬁd and Marmot Island supporﬁed sea otter densities
-cempérable to those.anywhgre in the vorld. High proportions of
females with pups were obgserved throughout this area. Several

hundred moved into Marmot Bay during 1977 and 1978.

Range expansion southward along both sides of the archipélago
should continue at a rapid rate over ;he next few years, This
will be most noticeable in Marmot and_Cﬁiniak Bays which appear to
contain large #teas of.suitable sea otter habitat. The timing of
this eipansion is difficult COvprédict butri: ;eeﬁs reasonable to
expect moderate to high densities to build up in those areas in

the uext 5 to 10 years.

Eventually the population should become continuous with the Tr;nitf
Island ﬁopulation.. Potential sea otter habitat an the nofthwes:

. side of Kodiak Island antﬁ of Cape qulik»appearg limited aﬁdﬁ
shouid fequi£é<1e§§htime :b,becdmé f@liy repopulated than the
remainder of the‘isléﬁd;i'Wéican*e#pect a félétively aparée

' distribution of sea o(‘:te_.;:s:"' with a fow small coﬁcen:rétions in | '

- areas such ég the Noisy Iélaﬁds,-Chief Point and Harvester Island.
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The southeast side‘of.Kodiak Island has a number of broad shallow
areas that will probably support large numbers of sea octers. The .
number of stray individuals ;nd small groups in the area should
grow over the next few years. Eventually increasing numbers of

sea ocﬁers should move into the area, primarily from the north but
also from the Trigit? Islands. It may take many years for sea

otters to reach carrying capacity throughout the entire area.

4. Alaska Peninsula

A large colony of sea otters has existed around Sutwick Island and
Kujulik Bay for many years. During the 1960's this pOpulatioh
extended its range northeastward to the vicinity of Wide Bay and a

small group became established at Puale Bay.

No sea otter surveys have been made in the range of this subpopulation’
since 1970 however, incidental sightings indicate that the pattern
of'range expansidn has continued. In Juné 1978 a minimum of 64'

sea otters was seen at Puale Bay.
While this subéoPulation,residgs'outside of the lower Cookstniét
lease area it is evident that it will extend its range into Shelikof

Strait and merge with the Kamishak Bay colony.

*- Available d;ta are ﬁnc.adequaée'for:reliable sea otter populacion‘escimatgs.

However, the Aléska Depdrtmeg; of Fish and Game has periodically pfojected
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rough estimates to‘ind;ca:e the approxima:e magnitude of sea otter
nﬁmhers‘and the relative abundance among areas. The most recent_estimaces
for the three subpopulations which could be directly impacted by leasiug
of lower Cook Inlet are: Kenai Peninsula--2,000 to 2,500, Kamighak Bay-

Shelikof Strait--1,000 to 2,000, and Kodiak Archipelago--4,000 to 6,000.

“The estimated sea otter population of Alaska 15 105,000 to 140, 000,
Smaller natural populations exist in California and the USSR and cransplanted

groups remain in British Columbia, Washington and Oregom.

Sea otters tend to favor nearshore areas of shallow, rocky~bottomed
habiﬁat. Area§ exposed to the open ocean but brpkan by reefs, islets
and kelp beds are preferred. In such area# sea oﬁters tend'to fange
offshore to feed and move into kelp beds or the lee of rocks and islands
' to rest. Ig portions of their_range they may haul out on beaches or
intertidal rocks to resﬁ. However, this picture of “clas#icai" sea
otter haibtat which has been described in most publications dealing with

sSea o:ter—-commnni:y telationships can be misleading.

Sea otters appatently do not require nearshore areas, rocky bottoms,
'kelp beds or procected a:eas although they will use these when available.
In- soma areas large numbers laad an almost pelagic existence ranging

over 30 miles from shore where there are oo exposed rocks or kelp beds.
Lower took Inlec concains both types of habitat and a wide variety of o 3;.. - o

intermediate types. Often a heterogeneoua mix of habicac types occurs

within a small area. Since yirtually,all,sea otter community studies
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have been cpnducted in areas that fall at one end of the spectrum, rocky
habitat, and no studies have been conducted in lower Cook Imlet, only
gross conelusions about the habitat requireménts of sea'otters in the

lease arearcaﬁ be made..

The only obvious universal characteristic of all areas supporting moderate
to hish densities of eezx occers-is-hu ebundant supply of accessible
food. The available evidence indicates ghat sea otter populations at

: carrfing capacity are generaily food limited. Adult seé otters consume
3.5 to 6.5 kg of digestable food each day. Areas supporting high demsities
of sea otters must have prey populations capable of sustaining a yield
of up td 30,000 kg/kmzlyear.- Sea otters are capable of using a wide
variety of prey species. In some areas the high leVel-OE predation by
sea otters has altered community structure. This iﬁvCurn has forced sea
otters to shift their food habits. Therefore the relatiouship between
sea otters and food can be complex. It is clear that sea otter habitat
must be b;ghly productive of suitable food items, but at this time it
can uot.bevstaced-that any particular species of prey is critical im a

particular area.

"whter depth is a majot factor limiting the availability of food and
hence the di.st:rihution of gez otters. Almost all sea otter prey live
in. on or near the boctom. There are records of individual sea otters
diving to depths of 100 m but ic is rare to see feeding sea otters in f

" water deeper than 80 m. The highest cancentrations of sea otters usually

occur in waters less than 60 m deep.
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Anether important habitat characteristic ie water quaiity. A major
problem encouneered in holding captive sea otters is providing clean
water. When water becoues contamineeed with food seraps;.feces or oil
the otters fur becomes soiled, looses its water repellency and tﬁe
animal dies from hypoﬁhermia. .While the need for clean weter is well

documented, ﬁo quantitative data are available to suggest how clean it

must be.

In summary, while sea oeters wmay have a number of specific hebica;
requirements they appear to be able to adapt to a wide variety of habitats
provided large amounts of food are available, water depths are less than
80 m and preferably less than 60 m and the water is fela;iveiy clean.
IWhen the available food is reduced and water quality deteriorateé ;
reduction in the capacify of the habitae'to SUpport sea ottershwill

occur, At present there is nn.quantitatife baeis for aseessing the
qualicty of habitat in lower Cook Inlec. The pattefns of sea otter

~ distribution and range expansion suggest that the quality of habitat is

highly variable from area to area.

Sea otters ere ﬁoe migratery and each individual tends to conduct major
activities such as feeding resting, breeding and pupping within the

same seneral area. Therefore all of these eritical activities occur.
throughout most of che.habitat occupied by sea otters. \anever, there
are areas where adult females tend to congregate and other gsex and age
classes are excluded to varying degrees. . These "female areas" ere
probably che most‘cricical sea ot:e: habitat since they support almost
all of the rep:oductively'ective.animale.b'wae§er, feﬁale areas tend to

be extensive and ineiude most of the habitat which supperts medium to
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high éea otter densities. fherefo;e it is difficult to select a few

small areas of "cricicai" sea otter habitat which merit.special protection.
Cficical processes occur in virtually all areas that coatain established
sea otter populations. Unlesé extensive areas ére protected the population

will suffer.

Most information on sea otter reproduction was ébtained from Aleutian
populations that we?e near carrying capacity. There is some evidence of
differences in timing of pupping and perhaps frequency of pregnancy ig
other areas. In the Aleutian populations studied, most female sea
otters became sexually mature when 3 years old and produced their first
pup when approximately 4 years old. Most females produced bné pup every
2 years. It i3 possible that amnual breeding occurs where populations
are below carrying capacity bﬁt this has not been confirmed. Pup surviﬁal
1s high prior to weaninézwhich may occur up to a year after birth.

" Survival remains good until old age in populations where food is not
limi:ing but large numbeis of:reéencly weaned subadults die‘where-food
is limicins - This juvenile mnrtality appears to be a major population

regulating mechanism.

- Sea o::érs may ‘live fét‘mnte than ‘20 years but mortaliiy rates of

females over 15 years and males over 10 years aﬁpear ﬁigh.

The~sex_ratio of thé populgcionS'studied'has,been'skewed in favor of
females, This canfresult-frbm a higher number of femalés being born,
"higher mortality among juvenile males, longer lifespan.of females reaching

adulthood and a grea:er Cendency of males to disperse to sparsely populated

habitat,
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Therefore the sea otter§ reproductive étrategy is one of low productivity
but high survivél.rates and long life. The behavior of the species
‘Seems ;dapced to proﬁiding adult females with the best cppoftunity to
survive. This strategy is highly successful where sea otters are coping
with most natural events that are likely to occur within their range.
However, it is a poor strategy for resisting catastrophic events which

kill both sexes all and age classes.

Belukha WhaLg

The Cook Inlet belukha population has been estimated by Klinkhart

(1966) at 300 to 400. Rgcentrsﬁrvey conducted in the Inlet to determine
distribution and abundancelhive not changed this estiﬁate. Most gurveys
have involved shoreline 6bserva:ions-and haﬁe not been intensive #QrVeys
of the open watar areas of the Inlet. Accurate counting methods ﬁeed to

be developed so that a better population estimate will become available.

Fay (pérs. comm.) feels tﬁe Cook Inlet belukhavpoﬁulatioﬁ could be a
separate gtock. A preliminary investigationvof'comparative-crainial
morphology 1ndicated that the Cook Inlet belukhas may be taxnnomically
distinct from all other populacions, perhaps as a consequence of long-
term isolatiou in this area.

.The Cook'Iniet belukha population is'thdught to be resident in the Inlet’
year-round (Fay 1971; Klinkhart 1966, Scheffer 1973) | Sighting &aﬁa‘

- from 1976~1979 (Fig. 5) confim that belukhas are present in all seasons

' {n the Inlet.
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Belukhas are seasonally distributed in the different regions of the
Inlet. They have been sighted in the Upper Inlet primarily in late
spring and summer., Belukhas are seen throughout the year in the central

and lower Inlet, with heaviest use occurring in the central area.

Within the Inlet,,numbersvfluotuate seasonally, with the greatest number

seen in mid to late summor‘and.the fewest in winter. Ice conditions may .
have a scroug correlation with winter abundance. In a winter of wérm
temperatures (1978) with little ice cover, belukhas were found in the
central_and lower Inlet. Whereas, in a winter of normally colder :emperatures
and extensive ice coudi;ious (1979), few belukhas were ooserved. Ihe
location to which the belukhos go when and if they leave the Inlet in

winter has not been determined. An‘aeriAI survey in March, 1979 turned

up no belukhas in the neritic waters from Chignik Bay on the Alaska

Peninsula to :he mouth of Cook‘Inlec-to :heveastern extremity of Prince

William Sound.

There is a paucity of informationvon breeding, calving and feeding
concgntra;ioas of belukhas in Cook'Inlet. Breeding whales have not béen
. obgerved iﬁ'the,Inlec.. Ca1uing a:gaé are not known; however, om aerial
surveys in 1978 culvés7wereuoooer§ed»at'Ehe Beluga River-anu'in Trading.v
.and Redoubt Bays in mid—July.' No calves were seen on the mid-June survey.
Consequencly, it appears’ chat calving begins between mid—June and mid-
July and may occur ac the'large river-estuariesvinvthe western upper
vInlec. Calves were also observed in mid~August in the central Inlet

between Kalgin Island and the Kasilof River and: in mid-October in Tuxedni

Bay.
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' FIGURE 5. SEASONAL SIGHTINGS OF BELUKHA WHALES IN COOK INLET, 1978, 1877 AND 1978.
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Concentrations were observed in mid-July at the mouth of the Beluga
River and along.the shoreline in Trading Bay, appareatly feeding. The
belukhas appeared to be eating fish_caught close invto shore. These
belukhds were in groups ranging from two to 25 aﬁimals. In mid-August a
_g:oup of at least 150 whaiés.was observed on three different dajg in the
waters between Kalgin Island and the Kasilof River. The whales remained
in this general area over at least a & day -peripd.v The vhales were all
aligned on the same directional heading with lead snimals cbserved to
break off from the front of the group. This behavior did not result in
the remaipdér of the group changiné'its headiﬁg. CouseQuenﬁly, this
type of large group formation most likely represents é feeding aggregation,
although no feeding‘béhaviOr (such as darting after a'fish, etc.) or

fbod_source was directly observed.

Studies have beén conducted on Qarious aspects of the biology of belukha
whales in several major arctic and subarctic concentration areas, but no
study directly addressing the problem of habitat requirements has been

undertaken.

The habitat cypeé used by belukhas appear to fall:into four catégotieﬁ;‘

' 1) migracioﬁ réuteé, 2) feeding grounds,'3) bréedihg groﬁu&s; and 4) calviﬁg/'
nursery groundé.‘ Food rasources may be the cri:ical element determining

the interrelacionship of habitat requirements. The habitat requirements

vary seasonally and with :he*age,and sex of the whale. The seasdnal
variationa are dynamic ‘and introduce difficulties in decermining ‘simple

habitat requirements.

215

EPA_COOK_INKPR 021084



Migrations, whether extensive or localized, can be influencéd by abiotic
and biotic factors. Some authors cousider ice dynamics to be of primary
importance, while others contend that av;ilability of food resources
dominates. Kleinenberg et al. (1964) held that these factors act in
combiuatidn; Ice conditions have a definite impact_on the direction and
timing of movements. Both the pattern of distribution and the abundance
of whales are.dominaCed by ice (¥ay 1974; Fraker 1377). Al:houéh migfa:ory
patterns aloﬁg-the Alaska coast are poorlkanown,'the presence of .

" belukhas appears to be relatéd to the movements of smelt, salmon smolts,

. énd-Arctic cod (Fiscus et al. 1976). Major surface current.patterns in
Cook Inlet woul¢ suggest that the most energetically efficieant route to
the upper Inlet would be along the eastern coast, while the route from

- the upper Iﬁlet to the lower would be on the western coast. Seasonal
diétribution in the Inlet suggest that localized movements, moét likely

- related to food resources and possibly c#lving ground areas, are critical

to- sustaining this population.

'feeding areas are 4ecermined and influenced By both biotic and aﬁiotic
factors. Concentratio§ of food organisﬁs is proﬁably.of majof importancg

~ in de;ermiﬁing Where'belukﬁai will feed. The biology and behavior of
.the.fbod 9rganisq§,§la?s a key role in theirJaqcessibili:y-co the belukha,
'Ice.dyﬁamiqs affect the preéen;e pf'fpod‘otganiSms'in certain areas as
weil a§ influence the moveménﬁs‘of belukhas. Other abiotic factors,
iaéiuding témperaCure, sglinity;'depth, sediment chérac:eriatics;‘éud,
,gideswéhd‘guxrenxs uOtAoniy affgét the distribution of the belukha but o

the distribution of the belukhas' food resources as well.
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The belukhas' characteristic summer movement inshore to river, estuaries
appears to>b§ associated with coucentrations of fiéh in these areas
(Klinkhart 1966; éerggan: 1962; Tarasevich 1960). These whales also
leave the estuarime aré;s to feed on pelagic fishés and invertebrates in
" the open sea and among the broken ice (Hay and MbClung,i976). Belukhas
also feed along‘the migration roﬁtes on patch}-plankton and fish concentrations
(Kleinenberg et al. 1964), 1ndiééting an overlap between migration route
and feeding ground categories. Large herd formation is associated wi:h»
heavy cqncentrations of food organisms in smallvfeeding.areas (Bél'kovich
1960) . Fluctuations in food organism numbers, periédicity of occurfénée;
-and seasonal inaccessibility cause irregularity of food resources for

the belukha. This variability has likely resulted in selection for the

broad feeding‘spectrum exhibited by these whales.

There is a lack of information on the belukha's breeding biology.
Breeding grouands are uninown in Cook Inlet. Dué to the timing of.
reproductivé events, it is ‘assumed here that breedins may occur aloug
the migraﬁioﬁ route (overlap.becﬁeen categories) és-the whalesrare
apﬁroaching their summer feeding and célving grounds. It is also nmot

known whéther these whales féed while engaged in breeding gccivities. -

‘While river estuaries ﬁré‘£h§ﬁg§t'to'be 6alving groundé, no‘bii;hﬁlhavé:
‘~be§n‘witne§sed in :hgée;or aay oﬁ@ér areaQ. Récenﬁ‘evidencé‘igdicaces .
chac_calvea‘may'be.born outsidg :h§ eétuaries'(Ergker 1977) aﬁd-:henf

., move into thégeiéreag with their mothers (Ha§ and‘xc61ung 1976) ..
*rherefore, these areaé'mighf be considered more appropriately aé-nuréerj

grounds. - : B P
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Estuarine areas maybe important to newborn calves due to the higher
temperatures which "may lessen the shock of birth and raduce heat loss
.in the first few days until the young animal has acquired some subeutaneous
fat" (Sergeant 1973). Fraker (1977) aisa emphasized water temperature-
~as the key factor in selection of these areas. He found that at the
time of their uge by large numbers of whales, these river estuaries had
high»teqtperatures, high turbidities, low salinities and shallow depths.

- A1l age,dlasses congeegate in the eseuaries during the calving period.
F:ake:-(l977) hypocﬁesized that all age classes bemefit from the thermal
ad?antages, but that ﬁeﬁbo:n calves would benefit the most from this
advantage due to their small surface-to-folume ratio and limited fat
'deposits. Food resources have not been investigated in these areas, so
it is possible that juvenile and adult whales may be feeding while in

the calving/nursery grounds.

There is little information available at present on the seasonal use of
specific habitat eategories for the Cook Inlec population. Localized
migrations occur throughout the Inlet during the year and may extend
outside the Inle: into Shelikaf S:rai: or possibly as far away as Yakutac
vBay in the winter. Siuce food resources are 1ikely the primary influence
on.localized‘migra:ionsg-:he Cook Inlet belukhasvage probably feeding in
v'moat areas where tﬁey’ere'foun&..jtﬁere arevlikely to be shifts in food
 itéms correlated wii:h“aegson and __iecatio’n. If Cook Inlet belukhas are
: breediﬁg in May and‘or June, ;his ae£iv1ty 15 moet 1ikely occu;rihg 1# ‘
' the Upper Inlec.‘ Calviﬁg/ﬁuxéery gfoundsvwould be occupied in early to
'mid summer. The large river estuaries in the morthwest Inlet (from

»Susitna River to Trading Bay) are ptbbably the prﬁmary locacion for
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these activities. In summary, the Cook Inlet belukhas range widely
'throughodt the Inlet making seasonal use of specific habitat areas and

food resources.

Maeing behavior has not been observed in.belukhas. Sexual maturity'is
reacﬁed-in the female at an age of five years #nd in the male at about

' ;1g§c'years (Brodte 1971). Strong pair bonding between any one male and
female is unlikely, since trios of two adults and a calf are not observed
(?taker 1977). This also appears to be.the case for thé‘Cook Inlet
belukhas. Although Vladykov (1946) states that breeding occurs from
April to Jume and Doan aﬁd Dougias (1953)vstace,chac breeding can occur
later in the summer, ‘the general councensus is that a breeding peak
occurs in May (Brodie 1971; Doan and Douglas 1953' Vladykgv 1946)
Klinkhart (1966) states that all adult males taken from the Bristol Bay
population from May to September were in reproductive condition. However;
a short peak of calving for this prula;ion suggested that breeding was
confined to a relatively short period in May or June. This timing may

also be found for the Cook Inlet populatiom.

Belﬁkhas have a three year :eproductive ;ycLev(Brodie 1971). The géstation '
period is abOucllé months (Sérgeant 1962 and 1973). The breeding period
occurs approximately 2 mouths prior to the calving period. Assuming

that ‘breeding occutrs in May. Brodig'(197l) found that Eemales‘gave birth
approximately l&’m&nths later, iﬁ léte July and éatly August. Laccation .

vlasted for the next 21 mnnchs, indicating an almost 2 year period of

nursing.
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Reproductive rates have not been calculated for any population. However,
assuming an average life spam- of 32 years (Kleinemberg et al. 1964) with
the onset of_maturicf in the female at 5 years and a 3'year'period
between cal&ing, a female would have an average of nine calvés over her

life span.

The sex and age stru§:ure hﬁs not been determined forrthe Cook Inlet
populatiqn; Males cauno¢ be easily differentiéted from females. However,
color &ifferentiation can be made between juveniles and adults, since
attainment of white coloration cqrrespondé to sexual maturity. In the
large concentration observed in Auéust 1978, approximately one of seven

whales was a juvenile.

. Mortality facﬁors include predatian,.pa:;si:es; diseases, and huntihg.
vThe only natural predacér of‘the“beluﬁha known to occur in Coock Iﬁlet is
the killer whale, Oretnus orea. Killer whales are seen only in the
lower Inlet in summer. Since the bglukh;s are generally in the central ;
and upper Inlet areas during this time, there is probably little loas of

belukh;s to killer whale pteda;ion.

anoparasites found in the belukha include acanthocephalans, :rematodes,
» cestcdes and nematodes (Kleinanberg et al. 1964' Klinkhart 1966) Their
.effects on the belukha are unknown. 'The'occu:rence.of‘these paxasites
in Cook Inlet belukhas has no: beg’:{ studied. Other diseases are‘an:nm.m
in belukha populations. |
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Hunting of the Cook Inlet belukhas has not taken place since the 1960°'s.
Edwevet, belukhas found near fishing nets and vessels are occasionally
shot and killed. There are not figures on the frequency of occurrence

of whales killed in this manner.
Food Babits

Theibelukha'has the broadest faeding spectrum of any whale. Their food

resources include a variety of fishes and various kinds of octopus,

squid, crab, shrimp, clams, snailﬁ, and sand wﬁrms (Fay 1971). The

maximum size of food organisms is limited by the capaciﬁy of the esophagus,

- since food items are swalléwed whole (Fay 1971; Fraker 1977). ‘Kleineuberg et al.

(1964) state that belukhas do not feed om deep water organisms.

The preferred food_orgaﬁisms of the Belukha in Cook Inle;'in the summer
appear ﬁo be the osmerids and salmonids. Belukhas caught.in Bristol Bay
and Cook Inlet duriﬁg the summer were found to contain salmon, smelt,
flounder, sole, sculpin, ‘and stirimp. Data for the upper Iﬁlet are not
available. Possible foods for the belukha in the Kachemak Bay aréa are
-shrimp, crab, halibut, sole and hefring. There appears.:d be a c;rculagiéﬁ
gfre around.§algin‘Island;_chis_area,v#lthoughfuncha:actggized for the
most part, may be rich in'fqodltesoprces. Crustaceans aré known to

occur in the southern Ralgin Island regiom.

‘ The food of the bélgkha'can be expected to vary seasonally and with

lo¢ation. During the spriang and summer, the Cook Inlet belukhas brobably
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feed on salmon smolts migrating from river estg;:ies and herring moving

" to and from spawn;ng'grounds'#s well as heavy concentrations of adult
salmon schooling §ff the river mouths. Throughout the summer, belukhasv
- may switch from ome salmon species to the mext. King salmnn.run earliest
in the Inlet with reds, pinks, chum and silvers following in that order.
In the fall-winter season beiﬁkhas maj eat smél:, bottom fishes an&
iﬂéettebt;cés. Th the spring belnkhas:are found near concemtrations of

smelt.

Sergeant and Bfodie,(1969) sﬁgge#: that productivity~of the winter
enviroument i3 critical in detafmining'che adult size of belukhas in
different reglions. They suggest tﬁat'“Selection has reduced the biomass
of an individual white whale to that emabling it to maintain its metabolic
activity on the avail;ble food." Further, "there appeafs-to.be no gross
difference in nﬁmbgrs of white whales between troﬁhicaliy subdp;imél and
more suitable enviromments; the difference is expressed in individual

biomass."

The food of the belukﬁa also varies ﬁiﬁh.agevand sex. Lac:;cion'lasté
about 2 years iu‘belukha (Brodie. 1971; Sérgeﬁnt 1973)' Young Bf the
year feed ounly on milk, while yearlings supplement the milk by feedins.
om capelin, sand 1ance, shrimp, and small bottom dwellins ctustacea .
(Brodie 1971; Kleinenberg et al. 196&‘ Sergeant 1962) The food of

subadul:s is sﬁmilar to :he diet of adult animals Adult males feed :
| rimarily on large fish while females prefer food items. such as sand
lance, octopus and particularly Nérezs (Kleinbert et al. 1964)

Fluctuationa in food organism numbers, periodicity of occurrence, and
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seasonal inaccessibility cause irregularity of food resources for the

- belukha. This may ha§e caused the belukha not only to widen its feeding
spectruﬁ but to diffefentiate food habits by age and sex. This
differentiation enables the belukha o successfully_u:ilize the available

food (Kleinemberg et al. 1964).
Behavior

Possible feeding behavior of belukhas has only been observed on two.
occassions during aerial survéys in Cook Inlét. Near shoré feeding

~8§roups appear to consists of small aggregations of belukhas randomly
ﬁligned with respect to one amother. Whales were seen lying at the
surface facing tﬁe shore; individﬁals pitched forward in the water such
‘tﬁat only the flukes were vi#ible.at the sruface and then pitched_b;ck .‘
to the original position. The whales appeared to be operating individuaily

in their efforts to catch food.

Groups of'migrating belukhas varf in number aud‘coﬁpOSItion of whales.
ﬁbst gfdups contain a‘predominanca of adﬁlts with a few juveniles.
Generally :he animals are closely spaced, although a widely scaccered
'group on which all individuals had the same- direc:ional heading was
.observgd in-Ma;ch 1979. In groups of 10 to 30 animals, all vhales do
'noﬁlsuﬁface éimultaneously. Instead, there is usually a ane of<chree :
groups. " the first group surfaces, as it is beginning to submerge, the
econd group surfaces, as this group is beginning to submerge, the third
group surfaces, this is closely followed by the first group surfacing

while the ‘third is st*ll at the surface. Calves closely follow their
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mother's movements and om all occassions were seen to the left rear

side of the adult.

E.Q back. Whale

Humpback whales are the most common of the large, dorsal finned whales
found in the Gulf of Alaska (Calkins et al. 1975), with a minimm of 60
individuals found in the Gulf of Alaska adjacent to Cook Inlat (Fiscus

et al, L976). Humpbacks are migratory, spending April through December

in the Gulf. The area south of Kodiak Island may be relaciﬂrfely important
since whales are fr'equently sighted there (Fiscus et al. 1976). Relatively
large concentrations of humpbacks have béen sightad in September in the

' area just morthwest of Shuyak Island and south of the Ba.x:'vremf Iélands.
E;inpback whales are commonly sighted in. the Barren Islands and the sout;hern

tip of the Kenal Peninsula.

Bumpbacks are surface feeders, feeding mostly on euphausiids, although

they will 6cwsionﬂly eat fish such as herring (Clupea harengus), cod

(Gadus spp.) aund salmon (Onchorhynchus spp.) (Wolman 1978).

Gray Whale

The gray whale 'po,pul.ar:ion prc;b'ably’number_s greater than 11,000 animals

. (Rice and Wblhan‘l971)e Nearly all of these are known £o‘mizrace through
the Guff of Alaska from May through November to feed in qﬁa waters of

the Bering and Chukchi sess (Calkins et al. 1975). Gray vhales gemerally

. travel near the coast (Ri_.ée and Wolman 1971) . When migrating through
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the stﬁdy area the whales apparently follow the east coast of the Remai
Peninsula and then turn southwest at the Barren Islands and move along

the east coast of Afognak and Kodiak Islands (Cunningham ms).

Although gray whales appear to abstain from feeding on their ﬁigration
along the California coast there is no quantiﬁative data available to
verify thi#-behavior for whales in the Gulf of Alaska. There is some
indication chat.whalés may feed in the Gulf siucé Cunningham»(1979).
observed what appesred to be feeding behavior near Kayak Island. Similar

behavior has been observed in the Barren Islands.
Minke Whale

The minke whale is-migratory and found in the study area duringrthe
sumer months where it fréquents the near-shore habitat. Numerous
sightings have been recorded in Kachemak Bay during August (Fiscus et

al. 1976).

Minke feed on sﬁall schboling fish such as sandlance (dmmodytes hezapterus)
' and herring, euphausiids and other invertebrates (Mitchell 1978) and are

kngvﬁ'tb §onégntra§g in a:é;s'whefe food 1is abundant.' :
 Killer Whale

Killer whales are found throughout the Gulf of Alaskd during the summer
- mouths and may shift south in the winter (Leéthervood et al. 1972). o
They tend td preﬁer shallow wa:gf and generally stay within ZOO:miles:of

-shore (Fiscus et al. 1976).
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Killer éhales feéd on pinnipeds, porpoises, whales, caphalapods aud fish
(Fiscus e:'al, 1976, Rice 1968) with adult males feeding predominantly
on marine mammals (Rice 1968). This species generally hunts in groups;
especially when feeding on marine mammals (Fiscus et a.'ll.f 1976).. Groups
of up.to 10 individuals are common, with groups of up to 500 reported in
the Gulf of Alaska (Calkins et al. 19753). Killer whales have been

observed in Cook Inlet near the Kenai Peninsﬁla and in deep water.
DallvPoggoise

The Dall porpoise is probably the most common cetacean in the Guli of
Alaska and is found both uear shore and offshore (Calkims et al. 1975).
This séeciea appears to prefer channels between islands #nd wide straits
whera ocean currents maet (Eiscﬁs et al. 1976). Dall porﬁoisefcan be

encountered anywhere within Lower Cook Inlet.

Feeding is known to occur at considerable depths where prey such as hake
'(Urophycis spﬁ.), lantern fish (Myctophidas) and squid are taken

(Leatherwoad and Reeves 1978);
Earﬁor‘?dsgoisé ‘

'Hétﬁor porpoises are‘the §m§llest'cétacehﬁ»in tbé.Gulf»of A1a$ka r ‘

(Calkins et al. 1975) They are common in bays, eatuaries, tidal channels

'and harbors (Calkins et al. 1975, Flscus et al. 1976) and usually confine T
their activities to wa:ers of less :han 18 meters (Leatherwood and - -

Reeves 1978). This species is wary and aasily disturbed by boat craffic.
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Its food habits include small fish and cephalapads such as herring and
squid (Leatherwood and Reeves 1978). Harbor porpoise use nearly all

shallow waters of Lowef Caok Inlet.
Terrestrial Mammals

Alchough thls report deals mginly with marine mommals, this section
highlights aspects of:certain cerreo:rial mammals gﬁich_utiliza the
marine environmest to a significant degree. These spocies include river
otter (Lutra aanadbnsio), mink (Mustala vison), brown bear (Qrsus aretos),

Sitka black-tailed deer (Odocoileus hemionus) and red fox (Vulpes fulva).

River otters are dié;ribuced :h:ouéhou; the lower Cook Inlet :egion and
| " along both shores of Shelikof Strait. Hiok dis:ribu:ions are gimilar,
| excebc for their absence from Kodisk Island. Little information is
available on densities, although it appears that otter densities are low
alous the eastern shore of the Kénai Peninsula and high along the south
shore. of Kachemak Bay and throughout Kodiak Island. There is no data
Vfo: otters in ooher areas nor is there da:; anywhere in the area for
nink (ADFSG 1978W).. o
River ot:eos oommonly ucilize shallow coastal waters fot hunting and
.travel.‘ The effeccs of oil on river otters is unknowu but may be"
sinilar to sea otters sinoe they also raly on their pelage for insulation
(Rooyman et al. 1977). Although there 1s irrle iafomat::t.on on food
. habits in the scudy area, it appears likely :bat the- majoticy of prey

will consist of small fish and crustaceans (Toweill 1974) which would be
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susceptable to oil pollutiom. rThere is no data available on the ability

of otters to detect and avoid oil slicks or contaminated prey.

Mink similarly use the cbastal'region. There is no information on the
effects of oil on mink. They are known to use the narrow strip of smow
£rsa beach during winter months in southeast Alaska (Harbs 1958), wivere
they feed ou mussels (Mytilus edulis), clams (Siliqux spp.), sea utchims
(Strongylocentrotus spp.) and bungeness erabs (Cancer magister). Suow
conditions vare similar in the study area and one would expect concentrated
activity along the beaches in the winter. O0il spills in the ﬁnter

could contaminate much of the available habitat as well as eliminate

what could be potentially crucial winter food sources.

Brown bears inhabit Kodiak Island and all of the mainland within the
study area except the region south of Kachemak Bay (USDI 1976). A

' minimum estimate of 500-600 bears inhabit the western side of Cook Inlat
(J. Faro pers. com.) and 1000-1560 bears. inhabit the western drainages

of Kodiak Island (R. Smith pers. comm.).

Bga;suge the coast.a.lfbeaches' from April through November, but are most
freque_ﬁﬁly fc_mnd_ during spring, wit.h_: Jﬁhe p:obably the most mpo:rtan;:

mon;h (L. é].enn ;pe'rs.‘ com.) Be;ufs travel the beaches searching for

newly gmergeni: grgsses,‘. sedge and he.rbaceoﬁé pléhts, éarrion‘ and ‘inv‘ertebra-te's‘.
.Coastal sedge meadows are ;J.so i,n_:po:tant feeding areas. Later in the

" summer and fgllwb'e.ar‘s _feéd :LnJéud on either salmon or berries and are

less likely to be exposed to oil spills.

228

EPA_COOK_INKPR 021097



Bears could be impacted by o0il spills in several ways. Acuté spills in
the spring could inundate marshes and beaches, which would elther force’
bears to avoid feeding areas, causing increased competicitu for the
limited food resourca during that seasom ot‘expose themito oil ingéstian
ftom.cont:minated food. Beéars may not avoid oil (Hamna 1963) and thus
’be.susceptasle to contamination of thtit pelage. Bears oiled prior to
denning mty be impacted by a‘tedtctiqn in the intulatiﬁg quality.of the

fur during hibernation. Contamination of newborn cubs could also result.

Sitka black-tailed deer are found on Kodiak, Afognak and Raspberry
_Islands There may be S 000 to 10,000 deer in the western drainages of
Kodiak (R. Smith pers. comm.). Deer tend to concentratalon-the outer
capes during winter where they feed on kalp. Durins severe‘wintets the -
beach may provide the bulk of available forage to deer (R. Smith pers.

comm. ).

Spills during severe winters could contaminate the majority of available
forage, causing increastd tompetition»for thevremaining food‘items,
.1ngestion of o1l and possible Statvation. Should deer become oiled then
the reduction in the insulatins quality of the fur would lead to - increased
engrgy gonsumptiqn. The increased energy demands may bccome critical
during winter nonths. |

- de fox are found throughout the study area and are known to hunt alons
‘the beaches for amphipods, clams, rabs, stranded fish and carrion (usnr

1976). It appears that foxes utilize the beaches on islands more than

" the mainland (USDI 1976), and. increase their use during winter (R. Smith
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pers. comm.). Fox are known to eat oiled birds and mammals (Hanna 1963)
and were numerous on the beaches after a spill in Cook Inlet in 1969

(USDL 1976). The consequences of an oil spill on red fox are largely
unicoown. |

POTENTTAL FOR IMPACT FROM OCS OIL AND GAS EXPLORATION,

" DEVELOPMENT AND PRODUCTION

ACUTE OIL.SPILLS

Oil Spill Source

.teaks aé drilling platforms, oil Qall blowogts, majcr'pipeline breaks,
canker‘spills and spills ;é'tanker terminals are all poéenti#l soﬁrces
of acute oil spills in Cook Inlet. These spills will £all into two
major categories: underwater spills froﬁ pipelines and o0il well blowouts

and surface spills from drilling platforms aund tankers.

- 011 Spill Transport

- Tbe major faccors which con:ribuce to the transpo:t of oil after an
=acute spill are wind nec circula:ion, tidal currents, surface spreading,
 mixing ‘and win:er ice accumulations (ADF&G - 19783) .

,Wind iﬁduced‘cransport‘is frequently the most influential factor -(ADF&G

°1978a) usually moving a slick at about 3 percent of the wind velocicy

(Dames and Moore 1976). Drogue s:udies have indicated that wind speeds
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greater than 5 m/sec will become the domipant influencing factor (Burbank
1977). Higher and persistant winds can also alter the net circulatiom
itself, thus increasing the magnitude of the surface transport of oil -

(ADFSG 1978a).

The net circulation and tidal currents are important dispersing nechanisms
~ for oil, especially under ;calm condi:io:lxs and when the oil is iﬁcorpo’rated
into the water column. ~ Of the two, the met circulation is more sluggish
and is superimposed on the oscilla.tory tidal mvemencs, r.hus the net
trajactory of oil introduced 1nto che water at a particular location is’

dependent on the stage of the tide at that time (ADF&G 1978a).

The-spreﬁ.ding of oil across the water's surfacg will enlarge the size of
the oil slick, and‘ﬁ.n araeag of minimal cirﬁu.latibn, such- as a gyfe in> a
bay, may be an imfortant factor in determining the affected area (ADF&G
1978a). Spreading speeds up the weathering process by increasing the

surface area exposed to the air and seawater (McAuliffe 1977).

The transport of oil may differ depending on the degree of -mixing. 011
layered on the water s surfa.ce can be affected by wind and curreats
while oil incorporated 'Lnt:o the water column by ane a.ction or unde:water :

spi.lls will be transpcrted primarily by cmen:s.

Winter ice w:!.l]. act as a camporary barrier to slicks. Event:ua].ly oil

will become iucorpora:ed wit:h l:he ice (M:Llne 1977) and be t:ransport:ed

" aloug wi‘t:h ic.
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- relatively low mnlecular waigh:, are highly volatile, relatively water

Crude 01l Composition

The behavior of crude oil omce it is spilled is largely determined by

the complex natuﬁe of its composition. The bglk of crude oil is composed
" of hydrocarboms, which can Be placed in three classes of compounds :

| parafinic, naphthenlc and aromatic (Evans and Ricé 1974). A-briéf
sumary of their characteristics will aid in understanding the Qltima:e

fate of crude oil:

Parafinicvcompouhds~are'straight chained hydrocaébons of high mﬁlecular
weight and relatively low toxicity (Evans and Rice 1974). They tend to
méke up the more persistaht portion of crude oil due to their insolubility
_andvhigh_viscosity; The commonly observed tar balls are composed mainly

of parafinic compounds.

Napthenic compounds contain at least one saturated ring structure, They.

can combine with other compounds to form complex molecules.
Azomatic-compounds contain unsatuarated ring structures; They'ate of a

soluable and are highly toxic (Evans and Rice 1974) ‘Since toxicity
'fincreases wi:h molecular weight and solubility dec:eases, the compounds
'-,likely to cause the greatest harn_ptobably have weights somewhere in the
middlél(nice‘ec ;l.‘leS), ' Some aromatic compounds are also known ‘

, B : 4 ) o L
‘cancer causing agents (Blumer et al. 1970).

BN
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Fate of Crude 01l

The fate of crude oil after a spill is governed by various physical,
chemical and biological prbcesses. These processes include evaporation,
dissolution, emulsification, biodegredaﬁion, adsorption, mixing,_sinkins

and human induced chemical dispersion.

One of the first major chonges in an oil spill is the loss of the highly
volatile aromatics through evaporation and dissolﬁ:ion. ‘The evaporation
~rate would depend on the water and air temperature,vche amount of radiaumt
energy impinging on the slick and the wind speed. High winds would aid

evaporation on one hand, but also inorease :ho amount of dissolved
aroma:ics-chrough {fancreased water turbuldnce. Cook-lnlet crude hog a
high content of volatile aromatic hydrocarbons and viﬁible evidence of

a slick moy be gone within';everal days (Kipney et al. 1969).

Should an oil spill occur due to an underwater pipelime break or an oil
well blowout one would expect an increase invﬁhe amount of aromatics in
solution as compared to a surface spill (McAuliffe 1977). Indeed, in a -
blowout situacioo the :urbulance-of the}oil being expulséd would tend.:o
. emulsify the oll particles CMilne 1977) and probably incresse the amount
of aromatics in solution. Thus, an underwater oilwell blowouc could be
an increased source ‘of dissolved aromatics which would be available for

uptake byhorganisms.

'Spills during pe:iods of strong winds would tend to be emulsified. The

" composition of the oil drople:s suspended in the water would be affected
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- by the type of wmixing. Viclent mixing would tend to encorporace dispersed

. droplets similar to ‘the parent oil while slower mixing would only incorporata
{:he more soluable portions (Rice et al. 1975). Once oil is dispersed

and no longer obaervable as a surface slick it will principally remain

near the surface (McAuliffe 1977).

Emulsified oil provides greater surface area for biodegradatiou to ocgur
-(kinney et al. 1969), although mpst'mierobial_action'is on the iess
coxicvparafinic cqmpoﬁnds (Evans and Rice 1974, Gibson 1977). Emulsion
also allows for increased adsorption to suspended particles which aids
in biodegredation and transport to the sea floo: McAuliffe 1977).
Although quk Inlet has a heavy sediment load in some reglons, Kinneyﬂet

al. (1969) found that it had no apparent effect on Cook Inlet crude oil.

The viscosity of the oil also effects the amount of oil entering the
water phase (Rice et al. 1975) since more energy is needed to mix more
viscous 0il. Cook Imlet crude is relatively thin, héving twice the

' water soluable fraction as Prudhoé Bay crude (Rice et al. 1976).

- 041 that reaches shore‘will become incorpofeted into beeehvsediments cqf-
varying depchs depending on Che substrate (Evans and Rice 197&) This'

oil may persisc indefinitely due to :he absence of oxygen needed for its
degredation (Boesch 1973)

, SOma oil fraccious have densi:ies approaching that of water and will -
sink directly to the boctom (Evans and Rice 1974). Photo oxidation

changes some compounds into polar hydrocarbons'which are.weter soluable
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and thus add to the concentration in the water columm (Winters et al.
1976). Salinity and pH will also affect the amount of oil which will

. dissolve in the water (Rice et al. 1975).

Thé use of chemical dispersants to form oil-in-water emulsioms can '
markedly alter the fate and effacts of am oil séill‘ The emulsifying ’
agent or surfactant 13 a compound which 1s soluble 1n water at one end

and soluble in 0il at the other (McAuliffe 1977). When mixed with an 7
"o0il it forms a stable oil—inrwater emulsion which, due to the surfactamt's
chémical properties, will not coalegsce and decreases the adhering properties

on rocks, sand and marine organisms (McAuliffee 1977).

Dispersancs-have bge; shown to be quite toxic in some instancgs (Dérrler
. 1977, Lonning and Hagstrom 1976). A major portiom of the‘dispéfsant is'
a solvenﬁ, which, depgnding ou the partiéular brand, may be A highly
toxic aromatic hydrocarbon (Dérrler 1977). Dispersants have been shown‘
to incressg.thg toxicity of oil by making.it more readily available for
uptake (Cauevari.and Lindblom 19?5, Tarzwell 1970}, and by enhancing the
movement across the gill_structufe in fish (McKeown and March 1978).
v'Since d;spersaﬁts:can émulsify a wi&e-range of'molécular weights'qf ‘
hydrocarbonSjCMCAuliffe,i977)ﬂ;t appeérs that if a fresh 611 3§111 was
dispersed 1t would incorpor#ce’onic:aromaticvcompodnés inﬁo the water

columg which may othe:wise_have évapotéted.'

'THE EFFECTS OF ACUTE OIL SPILLS ON MARINE MAMMALS - A REVIEW

The effects of oil on mérihe'mammalé is still only paftially understood.

- The potential impacts are :élated to the biological characteristics of
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the species. The impact of oil on sea otters, fur seals, phocid seals

and sea lions and cetaceans are reviewed sepirately.

Sea Otter

The behavior, physiology and morphology of the sea otter combine to make
it the marine mammal most vulnerable to direct oil pollution (Schneider

1976).

Sea octers'rely on air trapped within their dease fu: for ingulation
(Barabash-Nikiforov et al. 1947, Renyom 1972a). The fur is kept clean
’apd water repellent by grooming, an,activityruhich normallﬁ may take up
-to 10 .percent of an.otter's time (Calkins 1972). After beinglcontaminatéd
éith-oil, otters have been observed spending up to 73 percent of their
:ﬁhe grooming (Williams 1978). Groomiﬁg is accomplisﬁed primﬁrily by'
rubbing the fur with the palms of the forepaws; water is ptessed from-

the fur and removed with the tongue (Kenyon 1969). This behavior would
allowvfor che ingestion of eil. It is interesting to note that anj
otter's pélage cleaned of oil using deterggntsvmaf take as long as 8

days to recover its water repellency (Kooyman and Costa 1978).

Confiiéting repﬁrts exist concerning»thé abiiifj of séa ocier3<§o dgte;:
and eQQape from an'oillspillf Williams'(l§78) obéerved that'thg two
otters he{wa# studyiﬁg did not avoid oii while BarabgéhuNikiforov eélqlJ 
(;947) teéottéd ﬁhat Jgpénesé poachers used,petroleumigﬁ repel otters

from shore rocks into the sea.
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The béhaviorlof sea otters contaminated with oil appears to vary depending
on the availatility of a haul out area. Williams (1978) observed that
otters speﬁt 75 percent of their time grotming underwater when oil was

on the surface. There was no available haulout. Thisrmaf‘exemplify the
case of sea otters oiléd far offshore.' In another study oiled otters

began vocalizing and hauled out (Kenyon 1972a). Vocalizing and hauling

are the reactions to stress from cold temperatures (Stullken and Kirkpatrick

1955).

It appeérs that even small amounts of'qil are sufficient to- degrade the
insulating quality of'the fur. Kemyon (1972a) described how‘a thin.
iridesceﬁt film of oil.wa; sufficient tn cause death by expasure. The
major causes of death from oiling appear to be hypothermia or pneumonia,
depeﬁding‘oﬁ thé amount of fur that is contaminated (Kooyman and Costa
1978). | |

1f the area of a spill is adjacent to unaffected areas with high depsities
| of sea otters, the lost animals could bé.quickly replaced through immigratiom.
Hoéever, expanding ctlonies such as exist in lower Cook Inlet may not
have such reservoirs of surviving animals, For-example the Kamishaﬁ Bay
"population is surrounded by sparsely populated or vacant habitat.
:immigrants would have to come from the Kenai Peninsula or the south side
of the Alaska Penlnsula_but since vacant habitat remains in :hese areas

thé rate of immigration to Kaﬁishak'Bay wﬁuld be slow.’

"As sea otters continue to repopulate their former habitat thelr ability

:tov:ecover from‘oil_spills will improve. At the present time a single major
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0il spill has the potentiil for setting back the process of repopulation

of former habitat for 10 or 20 years.

Food is believed to be the ﬁrimary factor determining carrying capacity
of sea otter habitat. A reduction in densities of sea otter food items

could reduce sea otter numbers in areas.

The importance of food in determining the carrying capacity of many
‘specles 1s'ﬁot clear, however the available evidence indicates that it

is the primary factor determining>the capacity of habitat to support sea
‘otters. Therefore, a reduction in-densi:ies of sea otter_food'specieé

in anvate# where sea otters are near maximum levels is likely Eo-reduce
.the number ofvsea otters in that area. Most sea ther prey are relatively
sedentary. A.localized raduction in food is likely to tesu;t in a

. localized reduction in sea otter densities. Reductions in prey in areas
where sea otter aensities are well below maximum could significantly

alter the rates and patterns of repopulation of former sea otter habitat.

The time betwgeﬁ 01l contamination and death has been recorded to be
ouly several hnﬁ:s (Kenyon'lé?Za) in one case and less chan 24 hdurﬁ.in
v ano:her (Williams 1978). Death due to malnutrition and the stress of
,confinemenc have varied from a few hours to 11 days (Stullken and Kirkpatrick
1955) The healch of the otter and environmental condition at-the time

of stress appear to be important variables.' fhe short time that can
| ake place becween che inducement of stress and death could reduce ché

chances of a successful program for rehab;litating oiled otters.
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Sea oceems peed to eat aparogimately 25 percent of their body weight per
day and cannot undergo long periods of fasting (Seullken and Kirkpatrick
1955). Insufficient food combined ﬁith other stresses has been shown to
be sufficienc.:o cause gastroaenceri:is and possiﬁly death (Stullken and
Kirkpatrick 1955). Should an oil spill occcur and otters are able to
escape direct oiling, the possible disruption of their feeding habits,
cold stress due to even a slight oiling, and the stress due to exposure
during periods of inclement weather all could provide an accumulated
stress which may prove fatal. This would be magnified during times of

' prolonged foul weather whem otters are already-experiencing sublethal

environmental stress (Stullkenm and Kirkpacriek 1953).

An acute oil spill entering sea otter habitat may quickly kill most sea
otters in the immediate area. - If this occurs in a female area a high
p:oportion of those killed vill Be'reproductivel? active females. The
reproductive strategy of the sea otter is not well adapted to cope with.
'eatascrophic events which eliminate adult females, Recovery will ﬁe

slower than in a species with a high rate of productivity.

In suimary sea otters are highly Yulneraﬁ;e to both 4ifect ELLing ahd.
jmdi':_ee': eff_;e:a of oil ;hr'odgﬁ‘h»t.h’e food ehaia. 'Boch'meehausms “are likely
,‘té produce very'sicepapedifieiimpacta. The significance an oil spill
to the sea octer pogulation as a whole will vary according to. the

.specific area affected. Beeause sea octer populations in lower cOok L
:’Inlec are still expanding into vacant habitat they are more vulnerable to
o1l spills than if all former habita: was fully repopulaced As the’ existing

:populations grow the importance‘of specific areas of habitat will change,_
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Fur Seals (Callorhinus ursinus)

Fur seals are similar to sea otters since their dense underfur acts as
an insulator; in addition fur seals also have a subcutaneous fat layer

(Kenyon 1972a).

Testa by Kooyman et al. (1976) have showa that oiling of 30 percent of

- the pelt‘sutface area resulted in a 1.5 fold increase in the metabolic
rate, an effect that lésced for at least cwd weeks. Seals wereralso
reiuctant to enter the water after being oliled, a result probébly due to
the increased heat los; through the fur. If oiled seals hauled out for
longer periods of time, then feeding could be disrupted whiéh would add

_to the metabolic drain which was al:eady occuring from the loss of

insulation.

Kenyon (1972a) reported that fur seals entering busy shipping lanes may
be contanimated with oil. He concluded that oiled seals do not return
to their breeding grounds in the Pribilof Islands since no contaminated

seals were observed there among the hundreds of .thousands harvested.

. Phocid Seals and Sea Lions |,

External oil contamihﬂtioujhés_Very little effact onﬁpﬁocid seals and
' sea lions since they rely on a sqbcﬁtanéous fat layer for insulation

(Rooyman et al. 1976). -
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The ingestionm of crude oil has been shown to cause kidney damage in

ringed seals (Phoca hispida) (Sﬁith and Geraci 1975); It was.hypochesized
that the route of entry included accidental swallowing.and absorption
through the skin and mucdus membranes. Respiratory absorption nay be an
important éathway, especially with frgshrdrude oil, which still éon:ains
the more volatile fractiomns. Eyd damage, including lacrimation,-
coﬁjunctivitis and corumeal erosion also dccurred, with the severity of

damage related to axposure time (Smith and Geraci 1975).‘

It h#s been hypdthesized (Smith and Ggr;ci 1975) that.oiling-of aursing

pups may prove to be detrimental due to ingestion or absorptiom of oil.

There is little dafa on this subject. - LéBoeufv(197l) found no effects

of oiling on elephan: seal GWLrouLnga angustirostris) pups, but. these

young had already been weaned. Brownell and LeBoeuf (1971) also concluded
that oiling did not contribute to Califqrnia sea “Hon (Zalophus _mlzformams)
pup wortality., It is interesting to note that thé oil in quescion was
weathered before-contacting ﬁhe pups and probably had IOst.the,more

toxic, aromatic fractions. Certainly, large amounts of oil om steller

sea lion fpokgr;es during the.period‘when pupsvare unable té_swim wduld
‘cause high mrtdlity. ' i B |

Davis and Andersom (1976) studied the effects of 0il on grey seal
(E&chhoerus grypus) pups. They f0und that oiled pups had significancly
lower weights chan unoiled.pups, but attributed this to either lnter.erence»
,of mother«pqp,relacionship_dug-to masking of.the idgnciﬁying smell or

due to the greacer ﬁhman‘disthrbAnca of oiled pups froﬁ{vecarinary

,~ins§ections,_cleéning operations and visiting observers.
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There is little data oam the ability of seals and sea lions to avoid oil
slicks. Smith and Geraci (1975) found that ringed seals did not try to
avoid oil under experimental conditions, but cite an obscure reference

_ to seals avoiding o1l in the wild (Mansfield 1970 in Smith and Geraci 1975).

Sea li§ns.are known to frequently pick up foreign objects in ﬁheir
‘mouths, a behavior which makes them susceptable to ingeéting tar balls.
Seallions have beén ob;erved'with tar balls lodged in their throats and
others wi:h pétroleum—like snbstancgs around the lips, jaw or neck.'

Petroleum-like substances have also been found in their feces,

The behavior of individuais exposéd to crude oil include sqﬁigtiqg;
-arching the back out pf'thé water and submerging for long durations
-(Smith and Geraci 1975). Other reports of aﬁerraﬁt behavior include
Pearce (1970 in Nelson-Smith 1973) who stated "#fter ﬁhe Arrow Spill in
ﬁcva Séﬁtia, young grey seals were found blundering about in the woods
1/2 mile Erqm shore unable to fiand their way beéause'of oil around eyes

and nostrils."

Steiler'sea lions are.probably most vulnerable to acute oil spills duting
mideMéf'fh:ough mi&;lq;y, cﬁg ?eribd of time“theyvare on‘ghelpupping and
’ ﬁreeding.rookeriés; The only;ﬁajor rockeiy in thé loéer,Cook'Inleﬁ area
v'isﬁshgﬁrloai Island tn the Bérren.islands. 'Ihe ¢oastline of Sugérloaf‘
’.island'is dominated bylla:ge:bou;dér;, rock outcrops égd ciiffs incersperéed.
with’poéket‘béaéhes‘of co#r#é sand of gravel. If a major oil spill occurréd-:
here durihg the pupping period; the potential would exist for substéntial N '
pup'mortality'to océur'éven though Hayes et al. (1976) would probably pl;ce

this area in a low risk classification.
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Cetaceans -

There is little or uo data oun the direct.effeéts of 0il oun cetaceans
(Fraker et al. 1978). Orr (1969) found no evidence that oil from the
Santa Barbara spill was a moftalicf factor in the'death.of beached’

whales in the vicinity of the spill.

The potential exists for o1l to be absorpéd into the respiratory tract

by whales surfacing into am oil spill. There are relatively small

amounts of hydroéarbbns present under a spill ou a calm surface'(McAuliffe
- 1977) so it 1s possible that whales would not detect a spill until they '

surfaced,

THE EFFECTS OF CHRONIC OIL POLLUTION - A REVIEW

Chronic oil pollution is the release of petroleum hydrocarboms at a low
‘but persistant rate. Many researchers believe that chromic pollution
may ultimately prove to be the most damaging form of oil pollution '

(Evans and Rice 1974, Michael 1976, Boesch 1973, St. Amant 1971).

Sources of chronic oil pollution include formaticn wacers, deck drains,'

fuel leaks, leaky pipeline valves, ship s bilges and small spills at

‘tanker terminals (ADFSG 1978a).
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Direct Ingestion of 01l

There is little data on marine mammals ingesting crude oil. The noxious
oddr and taste would probably be an adequate deterrent during acute oil
spills. Direct accumulation of hydrocarboms could occurr if marine

mammals ignore or are unable to detect low levels of pollution.

The behavior of some species_éodld increase the amount of oil ingested.
Sea otters are counstantly grooming their fur and wpuld be susceptable to
.'sublethal doges of ofl. Williams (1978) found that sea otters spént
consi§erable ﬁime grooming after being oiled and one could hyﬁothesize
that otters inhabiting contaminated waters would increase their grooming
activities in oxder t§ maintain ;he'insulating quality of the fur aund in v

turn ingest more oil.

bBaleen whales could pick up oil particles or tar balls while feeding.

Gray whales have been observed exhibi:ing.feediﬁg type behavior in an
 area where tar balls: were coming ashore daily. The current patterns
appeﬁred to-concgncr;te foo& items‘in the area and in turn could accumul;te
floating debris éuch.;s §a£ balls which would increase the chance of

whalesvingesting them. .

Mortalitonf‘Prey Speéies

Acute and ch:onic’polldtiou cbuld-ieadv;é direct mortality of important

| prey specles such as crabs (Chionoecetes sp.)'(Karinen and Rice 1974),
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shrimp (Pandalus spp.), (Rice et al. 1976), sea urchins (Allen 1971),
and several species of fishes (Rice 1973, Morrow 1974, Rice et al. 1976,
Struhsaker 1977). Plankton are the only major category of prey in which

there is a lack of evidence for major impacts (Michael 1977).

0il Uptake thr_ough, the Food Web

Studies have been inconclusive concerning the degree vhich hydorecarbons
accumulate in the food chain (Nétional Academy of Science 1975, Boesch
1973). Apparently most speﬁies tend'fo depurate most of the hydrocarbons
they accumulate when placed in clean water'(Foséato and Cazounier 1976,
Lee 1977), although the more toxic_aromatic hydrocarbons have been known
‘to be rE:ained in shellfish for several monﬁhs (Blumer et al. 1970).
Studies have shown that low céncentrations can,disrupt_physiblogical and
sensory mechanisms in crustacea, molluscs and fish (Karinen and Rice '
1974), which could cause a significant reduction in their population .
levels., -A comprehensive s&mmary of the various sublethal effects of oil

pollution on iuvertebrates:énd £iSh can be found in ADFSG (19783).

The aberrant behaviot and unnatural movements'of coucaminaced prey can
make them more vulnerable to predacion (Hess 1978), marine mammals j

- feeding in couxaminated water could become selective feeders on oil -

: laden prey due to :heir ease of capture and thus be exposed :o ‘greater

ampun:; of hydrqcarbqns.

_ Another result of chronic and acute oil pollution would be the "tainting"

of prey speéies (Rrishnaswami and Kupchanko 1969, Nelson-Smith 1971,
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Knieper aod Culley 1975, Lee 1977). There is the possibility that
"+ainted" prey species may be less desirable food items which could
result iﬁ a changelin diet to other untainted species orve reduction in
feeding. . This phenomena m;y not always occur since only a small fraction
of petroleum has a pronounced odor or taste (National Academy of Sciences

1975).

THE EFFECTS OF DISTURBANCES ON MARINE MAMMALS - A REVIEW

Disturbance can be defined as the ohysiologieal and‘behaoioral stress
.animals experience as a result of human-related physical intrusion into
their enviromment (Trasky eﬁ al. 1977). The activities associated_wiﬁh
 oil and gas exploration and development have the potential for causing

- disturbances. The primary sources are helicopters, fixed—vinged airerafe,
boats, human presence, onshore and offshore support facilities and

seisimic exploration.

Aircraft

- Aircraft flights during oil exploration have beeﬁ projected to include -
_between 150 and 225 helicopcer crips and at least 45 fixed—wing trips
; per mnnth from offshoce rigs to Homer or Kenai. Air traffic is expecten

to further increase during. the development phase. ' . ‘ ] : -

Differenc types of aircrafc appear to have subscantially different effects

on marine ‘memmals., Helicopters have a more sever effect than flxed-wing .
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" aircraft. Larger helicopters such as the Bell 205 have a more pronounced

effect than smaller helicopters such as the Bell 206.

The only intensive study of aircraft dis:urbancevon/marine‘mammals was
done by Johnson (1977), who observed harbor seals om fugidak Island. He’
found chat.aircraf: fiying at altitudes of less than 123 méters and
particularly less than 30 Geters zesalted in most eeals in a merd entering
-the,wacer. Fligh:s‘at higher altitudes had varying reactions depending
on the weather and past disturbances in the area. Both calm days and
frequent disturbances tended to incrgase the seal's wariness. Helicopters

tended to be the most disturbing type of aircraft.

Due to the aircraft's mobility the .entire island's population was frequently .
. disturbed and chased into the water. . Aircraft have the-capability of

being.che'mosﬁ intensive and extensive of all'disturbing factors.

A severe disturbance usually resulted in all seals entering the water

" and not reusiﬁg the haulout site for at least 2 hou:s; gseals appedred

to cruise #long the béach»in search of other areas where seals were

ﬁauled out (Johnson 1977). Aircraft’flights ovér seal herds in conjunct;on
Ewith an oil spill could be decrimental by forcing the animals into the

water and increasing thezr contact with oil.

’ .Aircraft'distﬁrbance‘aisd'reéﬁlted in permanen:.separation 6f mdchef and
pup in many instances, especially puos born wichin two hours before or
one half hour‘abter-a major disturbance. "Adrcraft diSCurbance alone'
accounted for more thén.lO percent mor;ality of pups bqrn on Tugldak

Island (Johnson 1977).
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Sea Lion reaction to aircraft is varied and depends upon multiple factors.
On haulout areas when sea lious are not breeding ana pupping, appfqaching'
ai;craft will most generally cause some disturbance, frighteniné at least
some animals ianto the water. On some occasions on haulou:s, approaching
aircraft can cause complete penic and stampede all sea lions to the water.
" The variability in reaction on haulouts appears -to depend on environmental
_conditious (weather, tide, etc.) as well as the type, speed aad elcicude
of the approaching aircraft. When sea lions are on breeding rookeries
durieg the breeding and pupping season their reactiom to aiicraft_is‘
al:ere& and appears to depend more upon the sex, age .and reproductive
status of the iandividual. Immatures and pregnant»females may.en:er the
water wﬁen aircraft approach, while cerritorial meles and females with

small pups generally remein hauled out and vocalize.

Fraker et al. (1978) cites two observations of belukha whale reactions

to aircraft. On one occasion whales appeared to look skyward at a

single engine aircraft flying at an altitude of 300 meters and in another
instance a group of whales retreated into deep water after a twin engine
aircraft flew over at 300 meters._ The water was clear and it was hypochesized

that whales in clear water may be more easily disturbed.by aircraft._

Although no quantifieﬁ;e‘daee ere‘aﬁailable,bother whale§‘§uch as-‘
. humpbacks, grays and fins appeer"to»alter the’behavior‘co avoid eppfoaching
aircraft. Often wheﬁ iepeacedly approached by low flying ai;craf;:ell_

of these species appear to dive and remain submerged for longer periods.’
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Boats

Boats can aiso be a cause of disturbance. Loughlin (1974) believed that
the absence of seals In two bays in California was due to extensivé

- commercial aﬁd sport boat traffic. A sport boat launching ramp in
another area was believed to be restricting the formation of a large

permavent population or pupping>czlouy in that atea (Loughlin 1974).

Boats have been observed to disturb beiukha whales. vaaker (1978)
observed whales sﬁimming rapidly away from a barge under tow; _whales
reacted within 2,400 ﬁetgrs of the barge. The scacteriﬁg effect ﬁag
stiil observable for 3 hours afterward although the distribution returned
to near mormal after 30 héurs, Heavy barge traffic could block or, at

leadst, impede'whale’mpvemeﬁt (Fraker et al. 1978).

Studies in Glacier Bay.have shown that humpback_whaies, ki;ler whales
and Dall porpoises are disturbed by boats. It appears that the sounds
generated ﬁy boats can c;use'these animals tovabandon an area whép

feeding, resting or:craveling_(Jurasz pers. comm. in MCHM 1979). The
'vapparent‘echﬁ-location Abiiities_of'sga lions (Poulter 1963) may also

make them more sensitive to boat:tfaffié.

. Human
Disturbance due to che*Qresence of humans will most likely have the’
greatest impact on those marine mémmals using'the terrestrial environment.,

These would include seals and sea lions, and to a lesser degree sea otters.
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It has been observed that human harassment was an important factor in
the abandonment of hauling afeas for California sea lioms, Guadalupe fur
séals (USDI 1976) and Steller sea .lions (Kenyon 1962). Comstruction
appeared to cause harbof seals (Calambokidis et al. 1978) and Steller
sea lions (Pike and Maxwell 1958) to abandon fﬁvbred hauling grounds.
California sea lions (USDI 1978) and Hawaiian Monk seals (Monachus
schauinslandi) (Renyon 1972b) have been observed u:iiizins areas whose

main characteristic was its inaccessibility to humans.

Johnson (1977) considered disturbances by hikers and all-terrain vehicles
as detrimental as aircrafc to'harboi seals and therefore an important
,poientiél mortality factor. Kenyoun (l972b)_beiieved human disturbance
increaséd*juvenile'mortal;ty of the Hawaiian Monk seél. There 1is some
evidence from fur seal studies that huﬁan disturbance causes weight loss

and higher mortality amnng'pups (UsDL 1976).

Seismic activities during explora;ion may also be a diéturbing-factor.
‘Porpoises and poggibly belukhé whales are.attractéd to side scan sonar
used in seismic work (Ren Holdén pefs. comm. in Bamiifoﬁ 1979). Belukha
~were observed to give artificial islands a wide berth due to the.sound_

' generatéd on ;hem-(Ffakér e;.a1:>i978). f | ,
Studies on California sea lions (Pouiéer 1966) showed the feal possibility
of an active somar mechanisﬁ'in‘ghis species. The sensitivity of marine

mammals to underwater sounds could be an area of comcern.
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It should'bo noted that man-made structures were used for haulout areas
by harbor seals in Wgshington (Calombokidis et al. 1978). Log booms and
oyster rafts were used, although oystet rafts were preferred, probably
due to the less frequent human visits to these structures. Seals also
tetdéd to haulout nocturnally on man made structures, thus lessening

human encounters and disturbances.

Sea otters ate telatively tolerant of human disturbance as exhibitedrby
'groups of sea otters living near demse human populations in California. -
There is evidence that some sea otters, particularl& females'with pups,
will avoid areas of regular distu:bance,'but againvuo‘quantitative data

are'av#ilable.

DRILL CUTTING AND DRILLING MUDS

Driiling nuds are a complex mixture of organic and inorganic materials
whose main function is to remove cuttings from the bore hole, cool and
lubricate the drill bit and hold back formationvpressures (Trasky et al.
vi977); Approximately 100 cubic meters. of drilling mud and up to 450
‘cubic meters of drill cuttings will be discharged into che marine
enviroument for every well completed (Ttasky et al. 1977) Drill ‘

’ cuttings from one well could cover up to 23, OOO Square meters of bottom _
(Trasky et al. ‘1977), although the strong currents in Cook Inlet will
probably prevent accumulation of a viszble cutting pile (Dames and Hoore.
1978). Ic has been estumated that 32 exploratory wells will be drilled
in the study area between 1978 and,1985 (Warren 1978). Although the

- bulk.of the drilling mud is composed of nontoxic substances such as
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bentonitic élay, édditives such as oil, surfactants, caustic soda and
bactericides are used to improve the properties of the mud (Robichaux

1975).

Drill cuttings and muds will have little direct impact on marine mammals
" due to their locilized nature and relative nontoxicity. The possibility
exists for contamination of prey specles from the mud addatives although

the relative significance of this pdllucanc source is unknown.

FORMATION WATERS

Forﬁa:ion waters are waters associated with oil and gas deposits. The
water is produced aiong with oil and gés and may excged'thé volume of
petrolaum produced (Brooks et al. 1977). The water 1svchara€terizgd b§
hiéher salinity and temperature and lower oxygen content than seawater
(Levorseq 1967). Formation éaters, when.discharged, can éontain up to
50 ppm of hydrocarbons and varying amounts of heavy metals and hydrégen
sulfide (Trasky et _aL 1977). ' ’

vThevimpacc of formation waters. appears to be confined~tg the area near
the drilling'piatfo;m, especially at drill sites in deep water GKéckina-
1973), such as lower Cook Inlet. The effect of formation waters on

' marine mammals in lower Cook Inleﬁiis’unknoﬁn at present.
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ENTRAINMENT

The'coolins-system.of drilling platforms and vessels use up to 13,600,000
liters of seawater each day (EPA 1977). The water is heated from 17° to
Zz'cvabove-ambienf water.temperature before.being recurned to the sea
(Trasﬁy et al. 1977). The cooling systems have the potential for the
entrainment of crab, shrimp and ﬂah larvee and plankton, cesuicing in

100 percent mortality 4ue to the increésed :empefa:u:e (Trasky et al.
1977). Potentially the most significant mpa_cﬁ assoclated with entrainment

would be the loss of prey.

PIPELINE LAYING OPERATIONS

It has been estimated that up to.24l kilometers of pipefwill_be buried:
ﬁndet the sea floor which would result in tempo;ary resuspension of.Q.34
to 0.92 million gubic meters of sediment (USDI'1976); The resettling of
the sedime@:s could cause smothering éf,benthic organisms. Pipg laying

operations could be a disturbing factor and temporary abandonment of the

~ watcers in the‘vicinity_of the operation is possible.
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